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LEADERSHIP IN NATIONALIZED 
INDUSTRIES 


N the third of its studies of nationalized industry, 
published early in 1951, the Acton Society Trust 
examined some of the problems of promotion. The 
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Trust has now published, under the title “Training 
and Promotion in Nationalized Industry’’*, a some- 
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what fuller study of the organization of the personnel 
department and of personnel policies so far as they 


“4 relate to training and promotion in the four basic 


340 industries: coal, electricity supply, gas and transport 

34! (including airways). In the main, the report consists 

342 of a factual description of the general pattern of these 

343 industries, their training programmes and policies, 

345 promotion methods and policies and the organization 

348 of their personnel departments. Progress in these 

350 matters and some of the particular problems en- 

352 countered are reviewed impartially but critically, 

353 although judgments and recommendations are 

357. +~reserved, partly in view of the limited experience 

359 under nationalization and partly pending fuller 

360 investigations which are expected to lead to a second 

oa and more general report in which evaluation would be 

362 appropriate. 

362 Broadly speaking, the dominant impression to be 
derived from the factual account of the pattern of 
the nationalized industries is the variety and com- 

364 plexity of that pattern. These features make any 

364 comparative study extremely difficult. Nevertheless, 
so far as personnel organization is concerned, a fairly 
characteristic pattern has already begun to emerge. 

366 Adopting the view that personnel management should 

6 bea broadly advisory function, permeating the whole 
organization, and not merely a specialized operating 

at a the nationalized industries have made a 
good beginning in this field, although there are many 
unsolved problems ; some are due to the shortage of 

37@ personnel officers, or to the reluctance of the trade 

371. unions to part with their ablest men to the national- 

ized industries, and others arise in the deployment 

and appointment of personnel staff. 

373 Although -figures are incomplete, some indication 

373. +~+is given in this report of the extent to which these 

problems concern scientific and other professional 

workers. It is estimated that the coal industry 
requires about 200 higher-grade technicians, sur- 

veyors and under-managers annually, and about 200 

375 graduates—rather more than double the number 

entering the industry annually before nationalization. 

No attempt has yet been made to formulate and 

implement a national policy for supervisory training. 

Extensive schemes for technical training exist ; but 

only a beginning has been made in introducing the 
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have so far attended the Administrative Staff College ; 
but in the field of industrial education the situation 
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College, and has introduced a national scheme 
intended to train about four hundred graduate 
students each year for five years to provide the 
technicians required for existing and projected 
generating stations ; but this figure has not yet been 
achieved. No figures of requirements for technical 
or managerial staff are given for the Gas Council, or 
for transport, although definite recommendations for 
training policy were formulated by a committee of 
the London Transport Executive in 1947, and the 
Executive has sent four men for training to the Admin- 
istrative Staff College during the past four years. 

This report brings out very clearly the two points 
made so strongly in the Trust’s earlier study of policy 
in promotion—the clash between the desires for 
promotion on merit and for promotion by seniority. 
Reliance on the latter is still widely entrenched, 
leading sometimes to excessive rigidity ; for example, 
in the railways, promotion or transfer from one 
region to another may involve an engine driver in 
loss of all seniority or even reversion to the grade of 
cleaner. Similarly, insistence on inside promotion, 
and resentment against ‘outsiders’ such as university 
graduates, are liable to foster a process of inbreeding 
and ossification which would be a grave danger to 
the nationalized industries. Both on the management 
side and the union side, the industries have given too 
little weight to the fact that the educational system 
has become increasingly selective, and exceptional 
recruits will generally not be available to the industry 
until they have left the university. 

There may be a need, as the report of the Pro- 
ductivity Team on Training for Management sug- 
gested, for the university graduate in Britain to be 
ready toenter industry at a lower level, as is customary 
in the United States ; but it would appear from the 
present survey that such willingness could be frus- 
trated at present by the rigidity of the nationalized 
industries and the objections to the university 
graduate already noted. So far there appears to be 
little general realization that, as the educational 
system succeeds in intercepting all those of unusual 
ability and sending them on to a higher education 
before they can enter industry, industries will find 
fewer and fewer of exceptional ability in their own 
ranks, and that it will be more and more neces- 
sary to accept them from outside. Like the earlier 
study again, this report directs attention to the 
possibilities of serious injustice that can arise in 
nationalized industries because they are the sole 
employers, and this danger is accentuated through 
the lack of provision for rectifying errors of judgment 
in promotion. 

This is a special aspect of one of the three major 
questions that the Acton Society report raises in 
conclusion—that of inflexibility, especially on the 
human side. Is it true that the nationalized indus- 
tries lack the ability to experiment and to adapt 
themselves to the needs of a wide variety of indi- 
viduals ? This question is linked with another: Is 
inflexibility an inevitable consequence of these 
industries being organized on so large a scale? If 
that is true, it becomes, as the report points out, of 
paramount importance to determine whether these 
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industries can achieve a real measure of decentral. 
ization. That, however, is part of the third funda. 
mental question, -vhether the public corporation is 
the form of institution best suited to the enormous 
responsibilities vested in the nationalized industries, 

The Acton Society Trust is carrying out further 
research in its attempt to throw light on these 
problems ; but meanwhile the present report is a 
useful contribution to factual and impartial discussion 
of some questions where interest is not confined to 
nationalized industries. Besides its factual material 
and the three major questions just noted, the report 
asks many pertinent questions in relation to education 
and training policy and organization, which should 
stimulate profitable self-examination in these indus- 
tries and elsewhere. That these are the right questions 
is indicated by observations and comments in the 
report of more than one of the ‘productivity teams’ of 
the Anglo-American Council on Productivity. In 
particular, as the report well observes, the main 
question, whether adequate provision has been made 
for keeping the day-to-day working of existing 
arrangements for training and promotion under 
continuous and dispassionate scrutiny, so that full 
profit may be gained from the lessons of experience, 
should be a reminder to those in control of the 
nationalized industries that theirs is a great oppor- 
tunity and a great responsibility. 
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INTERNAL BALLISTICS OF GUNS 


Internal Ballistics 
(Published for the Ministry of Supply.) Pp. x+311. 
(London: H.M. Stationery Office, 1951.) 25s. net. 


NTERNAL ballistics is a technical term meaning 
the aggregate of experimental and theoretical 
knowledge pertaining to the chemical, physical, 
metallurgical and mechanical phenomena occurring 
inside a gun up to the moment when the projectile 
leaves the muzzle. The subject often covers as well 
the processes which occur inside a rocket up to the 
stage where the gases are leaving the nozzle. The 
flight of the projectile, either shell or rocket, and all 
the associated aerodynamical, accuracy and stability 
considerations, are not included, but form the major 
part of the related subject of external ballistics. 

The book under review treats only the internal 
ballistics of guns. The fundamental topics are the 
thermochemistry and laws of burning of propellants, 
the equations of state of the gases, the equations of 
motion of the projectile in the gun, and the methods 
of ‘propellant proof’. From the practical point of view, 
the heating and wear of the gun barrel and the recoil 
forces are matters of prime importance, and these 
are all discussed, if somewhat briefly. 

When the propellant charge in a gun is ignited, the 
first phase of the burning occurs at constant volume, 
for it takes a fairly large pressure to start the pro- 
jectile moving. Soon the pressure is enough to 
overcome the plastic resistance of the driving band, 
attached circumferentially around the projectile, and 
the second phase starts. The burning of the propellant 
is no longer taking place at constant volume, and, 
due to the inertia of the gases and to drag of the 
gases at the bore walls, the gas pressure is not uniform 
between the charge and the base of the projectile. 
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The second phase ends when the propellant is all 
burnt. The third phase now starts and only ends 
when the projectile leaves the gun. 

An excellent summary is given in the book of the 
detailed formulation and solution of the ballistic 
equations for a linear law of burning. The linear law 
states that the time rate of burning of a propellant 
per unit area is proportional to the pressure. While 
for certain propellants divergencies from this law are 
found, an ‘equivalent’ law can usually be used with 
sufficient accuracy for practical purposes. 

The book also includes a good summary of the 
methods of measuring the velocity of the projectile 
as it leaves the gun. Another very good chapter 
describes work on ‘closed vessels’. A ‘closed vessel’ 
consists of a strong steel cylinder in which the pro- 
pellant is ignited; and the pressure—time curve is 
measured by means of a piezoelectric gauge. There 
is also an excellent chapter describing the methods 
of ‘propellant proof’. The most careful control of the 
manufacture of propellants in the factories and of 
the subsequent storage of the products is necessary 
if the ballistic performance is to be known at any 
time with an accuracy of one part in a thousand. 
Special proof ranges are required where the per- 
formance of samples of all large stocks of propellant 
can be checked continually and variations defined 
for use with the range tables of the particular gun, 
projectile and propellant. 

The tables, appendixes and bibliography take up 
no less than one quarter of the book. The tables give 
a fair selection of essential thermodynamic data and 
ballistic functions. The appendixes deal with leaky 
guns (worn guns, smooth-bore guns and recoilless 
guns); and the heating of gun barrels by the gases. 
The bibliography is extensive and detailed. 

The classical work of Charbonnier and others left 
little room for improvement until many more 
measurements had been made. Experimental tech- 
niques of internal ballistics bave made substantial 
advances in the past fifteen years, but much still 
remains to be done. Possibly the sections describing 
the experimental meacurements inside guns might 
have been amplified, especially with regard to the 
resistance law of the projectile in the gun and the 
shot-start pressure. A predilection undoubtedly 
exists among ballisticians for ‘laws’ which make the 
ballistic equations integrable, and it is essential in 
presenting a balanced account of the subject to 
justify the assumed laws wherever possible by 
reference to direct or related experiments. Of the 
recent striking practical advances, the only one 
mentioned is the recoilless gun. A brief treatment 
of tapered bores, high/low pressure guns, sabots and 
muzzle-brakes would have added to the interest of 
the book. 

Nearly twenty authors have contributed to the 
book, and the editor and the editorial panel of four 
are to be congratulated on their skilful welding of 
the contributions into a smooth and readable work 
which has the obvious stamp of authority. H.M. 
Stationery Office has printed and bound the book 
well, and the price is very low. Perhaps the book 
will not have a wide circulation ; but in those places 
where ballistics are studied, many copies should be 
provided. Not the least important feature of the 
book is the demonstration which it gives that scientific 
workers of the Ministry of Supply are faithfully 
pursuing important problems entrusted to them, and 
are maintaining a high standard of scientific origin- 
ality. W. G. PENNEY 
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A DICTIONARY OF GARDENING 


The Royal Horticultural Society Dictionary of 
Gardening 

A Practical and Scientific Encyclopedia of Horti- 
culture. Edited by Fred. J. Chittenden, assisted by 
Specialists. Vol. 1: A—Co. Pp. xvi+512. Vol. 2: 
Co—Ja. Pp. viiit+ 513-1088. Vol. 3: Je—Pt. Pp. 
viiit+ 1089-1712. Vol. 4: Pt—Zy. Pp. viii+1713- 
2316. (Oxford: Clarendon Press; London: Oxford 
University Press, 1951.) 4 vols., £10 10s. Od. net. 


HE publication of the Royal Horticultural 

Society’s “Dictionary of Gardening” is a most 
important event. Britain has for some centuries been 
unrivalled leader in the collection and cultivation of 
the world’s plants, and even to-day it is doubtful if 
the gardens of any other nation can show such a 
vast and varied flora, despite the alliance in the 
United States of a growing horticultural conscious- 
ness and a tremendous environmental range. Simi- 
larly the Royal Horticultural Society, in tradition, 
membership and resources holds a unique and 
unchallenged status. It is therefore fairly to be 
expected that any major work sponsored by this 
body shall be a model of its kind, entirely author- 
itative, and as reasonably free from error as any of 
the classic books of reference in other fields. The 
“Index Londinensis”, for example, was such an 
achievement. By such high standards, then, this 
new dictionary must be judged. It will be used in 
other countries besides Britain for many years, and 
the only comparably ambitious publication is the 
“Cyclopedia of Horticulture” and its supplements, 
prepared by the Bailey Hortorium. 

The new dictionary is based on Nicholson’s 
‘‘Tilustrated Dictionary of Gardening” (1884-88, with 
a large supplementary volume in 1901), and follows 
the same general alphabetical arrangement. Cross- 
references, as from popular to botanical names, and 
between synonyms, are generous and usefui, and the 
note on a plant or subject, if present at all, is easy 
to find, the first essential in a reference book. 

The bulk of the four volumes is concerned with 
the species which are, or have been, grown in gardens, 
with comments on their appropriate cultivation. 
(Frequently the date of introduction is given, though 
the meaning of this date is not indicated in the 
preliminary notes or the list. of abbreviations.) Little 
attempt has been made to include the still ungrown 
species worth cultivation, and this somewhat debat- 
able ground is perhaps well avoided. There are also 
articles on the other materials, tools and methods 
of gardening, and on pests and diseases. Numerous 
short notes give the meaning or derivation of the 
specific names found among garden plants. 

The text figures vary in merit, but are on average 
inferior to those in the old “Nicholson”. Many may 
agree in detail with a formal description of the plant, 
but fail badly to portray its essential look. A few, 
such as that captioned “Primula Juliz”, are 
inexcusable. 

The selection of material for a compilation of this 
kind must always be a matter of great difficulty, and 
it is obviously impossible to satisfy all requirements. 
The great spate of new plants introduced into culti- 
vation since 1900 is aione sufficient to make com- 
pressions and omissions obligatory. It is therefore 
surprising to see space given to doubtfully relevant 
notes as those under “morphin’’, “nucellus’’, ‘““Oomy- 
cetes’’, and such an entry as “‘swhmerged, submersed, 
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growing under water”. Some users of the Dictionary 
may feel that the amateur taxonomist has been 
favoured at the expense of the practical gardener. 
The botanist concerned with Pugsley’s microspecies 
of Ajax and Poeticus narcissi, for example, will in 
any event prefer to consult the original papers ; and 
the daffodil grower would gladly have sacrificed their 
descriptions and keys in favour of something from 
the pen of Guy Wilson or J. L. Richardson on modern 
varieties or, say, some notes on the genetics of 
‘pink cups’. The taxonomist may be content to 
see Polemonium paucifiorum described as “‘yellow’’- 
flowered ; but the gardener would be better pleased 
with a warning that its blooms are dull straw or 
pale buff. 

Preparation of the four volumes, started in 1938, 
has been harassed by unforeseen difficulties, notably 
the restrictions resulting from the Second World 
War, and the death, in 1950, of the editor, Mr. F. J. 
Chittenden. It is therefore all the more remarkable 
that such a huge compilation has been carried out 
between 1938 and 1951. Remarkable—and also 
unfortunate, for the job was beyond the powers of 
any one man, even @ man as gifted and hard working 
as Chittenden. The Royal Horticultural Society 
has available among its members and correspondents 
a vast body of experts who could have checked and 
revised articles on their special fields, even if the 
actual writing had, for the sake of uniformity of style 
and treatment, been left to the main editor. Forty- 
three contributors are indeed acknowledged ; but it 
is clear from the text that they were not always fully 
utilized. Edgar Anderson’s work on Aqutlegia is well 
known, and Philip A. Munz is responsible for a 
comprehensive recent monograph of the genus. Both 
Anderson and Munz appear in the list of con- 
tributors, and one therefore expects the article on 
Aquilegia to be at any rate botanically sound; but 
@ glance is sufficient to show that it has been referred 
to neither of these men. Any well-informed enthusiast 
will be dismayed by the repetition, direct from 
*‘Nicholson”’, of such statements as “A. aurea. A 
synonym of A. chrysantha flavescens’’ ; surprised that 
the horticulturally unimportant and almost unknown 
A. brevistyla gets a descriptive paragraph, while A. 
discolor is dismissed with the single word “‘Spain’’, 
and will wonder about the “‘2 or 3 species in S. Africa’’. 

Corydalis is only credited with “‘about 20 species’, 
although twenty-five are actually described ; and the 
most outstaading and talked-of species yet cultivated 
is unmentioned. Or, taking the point of view of 
the more orthodox gardener, on turning to, say, 
Delphinium, he is likely to protest at being given a 
long list of species, many either little known or 
relatively unworthy of cultivation, while the stately 
border plant, the delphinium to most people, is 
barely mentioned, except for a paragraph on its 
diseases. Surely notes on its culture, history, and 
perhaps the chief men responsible for developing one 
of the most important of garden flowers, are to be 
expected ? Under celery, however, we are promised 
light on the horticulturally important forms— 
“Varieties recommended are given in the Supple- 
ment”’. This same reference to “the Supplement” is 
not infrequent, and in fact usual wherever information 
about horticultural varieties of important plants, for 
example, apple, cabbage, Pelargonium, potato, sweet 
peas, is sought. It is annoying to be referred, in a 
new, comprehensive, expensive and ‘completely 
revised’ work of reference, to a projected but non- 
existent Supplement. 
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Concerning germination, at least a page or two is 
to be expected; but a brief paragraph refers the 
reader to ‘Seed sowing’. The Dictionary contains 
no such article. 

The latter part of the dictionary is better, for the 
influence of more collaboration can be seen, although 
“the Supplement” continues to substitute promise 
for performance. 

The digestion and incorporation of new material 
and new methods can never be completely up to date, 
and supplements to a work of this nature are inevit- 
able ; but this is all the more reason for making the 
initial publication as complete and sound as possible. 
This has not been done. 

Despite all the foregoing criticisms, the dictionary 
is a tremendous and monumental work, tightly 
packed with information, and it disappoints only 
because it falls short of the high expectations aroused 
by its origin and background. S. Cray 
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ANTHROPOLOGY AND MODERN 
CIVILIZATION 


Elements of Social Organization 

Josiah Mason Lectures delivered at the University of 

Birmingham. By Prof. Raymond Firth. Pp. xi+ 

257+11 plates. (London: Watts and Co., Ltd., 

1951.) 18s. net. 

’ | “HIS book is made up of seven lectures in revised 
form. They were delivered in 1947 as the first 

of a series of lecture courses given at the University 


‘of Birmingham, the funds for which were provided 


by the Rationalist Press Association to commemorate 
Sir Josiah Mason, a nineteenth-century industrialist 
and rationalist. The theme of these courses is the 
scientific approach to the problem of civilized society. 
The Rationalist Press Association has,also sponsored 
the publication of this book. 

Prof. Raymond Firth, who is professor of 
anthropology in the University of London, chose to 
discuss “‘the role of social anthropology in contri- 
buting to a better understanding of some of the 
problems of modern civilization”. The general theme 
of the lectures is the situation in which peasant and 
fishing communities find themselves at the present 
time in relation to world industrial development and 
world politics, though Prof. Firth does not restrict 
his observations to the simpler societies, but com- 
ments widely on historical and contemporaneous 
civilizations. He gives in the first two chapters an 
account of what he conceives the scope and purpose 
of social anthropology to be, and what he considers 
to be the main features of the structure and organ- 
ization of primitive societies. Perhaps he does not 
make it sufficiently clear in these opening chapters 
that he would not carry many of his colleagues with 
him in all that he says about the methodology and 
basic concepts of social anthropology. In his third 
chapter Prof. Firth shows what are the more im- 
portant changes that are brought about in peasant 
communities when they are drawn into world trade 
and politics, and he illustrates his account by dis- 
cussing some of the problems which result for their 
members, and the conflicts and maladjustments they 
engender. In my opinion this and the following 
chapter, “The Social Framework of Economic 
Organization”, are the two most interesting and 
illuminating in the book ; the reason being, no doubt, 
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that Prof. Firth, who is an economist by training 
and in his ways of thinking, is writing in that piece 
of the field of social anthropology which he has made 
ticularly his own and with which, as he justly 
says, most social anthropologists are unfamiliar. 

One of the difficulties and weaknesses of the 
holistic approach in modern social anthropology is 
that the student feels that he has to cover a wide 
range of different and special subjects. It can 
scarcely be expected that someone who can speak 
with authority on economics can speak with equal 
authority on art, morals and religion, to which 
subjects the last three chapters of the book are 
devoted. Prof. Firth’s treatment of these subjects 
does not go very deep, especially his treatment of 
religion, which is naive and appears to be based on 
insufficient reading and reflexion, particularly in 
what he says of Christianity and Islam. However, 
he would, no doubt, have been able to do himself 
greater justice in writing on this subject, and to tell 
us more of the scientific import of the humanism he 
defines as his own position, had he had more space 
in which to develop his argument and had he not 
been also handicapped by the popularizing require- 
ments of a general audience and by a particular kind 
of platform. Prof. Firth has got round these diffi- 
culties as well as they can be got round. He has 
also, quite rightly in a general survey of this kind, 
not attempted to put forward any new opinions ; 
and in the main he has well and fairly summarized 
the point of view of most social anthropologists in 
Britain to-day, though more especially of those in 
the tradition of Malinowski at the London School of 
Economics, 

This is an interesting, and often stimulating, book. 
It is clearly printed, illustrated by excellent photo- 
graphs, and has an adequate index. 

E. E. Evans-PrrrcHarD 
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SCIENCE AND INSIGHT 


The History of Nature 

By C. F. von Weizsiicker. Translated by Fred D. 
Wieck. Pp. 180+8 plates. (London: Routledge 
and Kegan Paul, Ltd., 1951.) 12s. 6d. net. 


XHE author of this highly significant book, Dr. 
C. F. von Weizsiacker, is well known as one of 
the two independent originators (the other being 
H. A. Bethe) of the generally accepted theory of the 
‘carbon-nitrogen cycle’ as the predominant process 
of stellar energy-generation. He has also advanced 
a widely discussed modern version of the Kant— 
Laplace nebular theory of the origin of the solar 
system. One might therefore suppose that a book by 
him under the present title would be an account of 
the evolution of stars and planets. This it does 
contain, but only incidentally. The book is, in fact, 
an investigation of that side of knowledge which the 
author terms “‘insight’’. 

It is clear from Dr. von Weizsicker’s opening 
remarks that he understands the outlook of the 
professional scientist as a scientist. However, “‘the 
scientist is never only a scientist . . . he is a member 
of mankind’’, As such he shares responsibility for 
the effects of the knowledge he helps to produce. 
Knowledge is power: the use of that power requires 
choices which lie in the sphere, not of science, but of 
morals and of religion. Again, knowledge is, or 
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confers, “insight”. The knowledge that is power is 
specialized science: the knowledge that is insight 
concerns itself with the coherence of the whole of 
science and with the nature of man himself. This 
insight cannot produce the right moral choices, but, 
if we make these choices, then we desire this insight. 
It is to be gained by a union of natural science and 
humanistic studies. To achieve this, a requirement 
is a unification of science itself. As a contribution to 
this unification, the author here surveys the historic 
aspect of Nature. 

If one has followed him correctly, such is the 
setting in which Dr. von Weizsicker sees the task 
which he has undertaken. He begins by retracing 
the history of the earth to where it has to be related 
to that of the rest of the universe. This leads to 
chapters on the “Spatial Structure’ and ‘Time 
Structure” of the universe. The reasoning in the 
important next chapter, on “Infinity’’, is briefly as 
follows. If it is asked what is beyond the limit of 
our knowledge of space and time, the question may 
not be ingful, but attempts to answer it pro- 
duced the ancient and medieval religious ‘myths’. 
These were later displaced by the ‘myth’ of objective 
science. This has been shown to be a myth by the 
present-day recognition of the subjective aspect of 
fundamental science. The present situation may 
produce the attitude which the author calls “honest 
nihilism’’. 

“The heavens brought forth the earth, on earth 
life grew, within life stirs the soul, and in man the 
soul becomes conscious of itself. This is the out- 
line...” It is the outline into which Dr. von 
Weizsicker fits his account of the broad scientific 
developments traced in the subsequent chapters on 
“Star Systems”, ‘‘Stars’’, ‘““The Earth”, “Life’’, “The 
Soul” and “Man: Outer History”. The chapter on 
the soul is particularly illuminating, being in part a 
philosophical discussion closely related to scientific 
results and in part a general discussion of instinct 
and intelligence. It bears immediately upon the 
study of the broad aspects of human history, the 
rise and decay of civilizations, in the next chapter. 
This ends with some reflexions upon what is to be 
the outcome of the experiment that is man. 

~ As the author says, this goes “‘beyond the confines 
of objectifying science’, and his concluding chapter 
on “Man: Inner History” is frankly outside such 
confines. It is a truly remarkable statement of the 
place of religion in human experience. Dr. von 
Weizsicker sees the Christian one as the only solution 
to the conflict that “exists between two sets of facts 
both of which can be established objectively: on 
one hand, the instinct to fight our fellows ...; on 
the other hand, the conditions that have to be met 
if mankind is to go on living’”’. This solution is the 
alternative to the attitude of nihilism described 
earlier in the book. 

A short review cannot do justice to the depth of 
thought and the sustained reasoning of the work. 
It is not easy to read. This is partly because the 
book is a translation, though a skilful one. But it 
is mainly because the author is weaving together so 
many strands of thought. Loose ends there may be ; 
nevertheless the fabric holds together. The pattern 
may be intricate; but it is rich in significance. It 
deserves the most careful study by all who sense the 
responsibility stated at the outset, particularly by 
those who believe that the pattern they would weave 
for themselves might be a different one. 

W. H. McCrea 
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Ferromagnétisme et antiferromagnétisme, Greno- 
ble, 3 juillet-6 juillet 1950 

(Colloques Internationaux du Centre National de la 

Recherche scientifique, 27.) Pp. iv+360. (Paris: 

Centre National de la Recherche scientifique ; 

London: H. K. Lewis and Co., Ltd., 1951.) 3500 

francs ; 77s. 


HIS volume, comprising part of the March 1951 

number of the Journal de Physique, contains the 
papers presented at an international conference in 
Grenoble in 1950 and the discussions arising from 
them; the majority of the papers were mentioned 
briefly in an article on the conference published in 
Nature (166, 777; 1950). Although much of the 
work reported in the various papers has by now been 
published elsewhere, many of the reviews of par- 
ticular subjects or of the work of particular labora- 
tories bring together scattered information and 
provide a stimulating presentation of it. 

The contributions from France itself, covering a 
wide range of detailed experiments on various anti- 
ferromagnetic compounds and important advances in 
the theory of these materials, as well as of the 
coercive force and magnetic viscosity of ferro- 
magnetics, show how worthily the French tradition 
of magnetic research is being upheld. 

Among the papers contributed by foreign visitors 
there are useful reviews of recent work on ferro- 
magnetic resonance and on the thermal changes 
associated with magnetization, summaries of the 
properties of ferrites and of modern permanent 
magnet materials, and a very lucid account of the 
principles of the collective electron theory of ferro- 
magnetism. The recent very beautiful American and 
British work on domain structures as revealed by 
the powder pattern technique is also reported, but 
its vivid presentation by motion pictures, which was 
so striking a feature of the conference, cannot, of 
course, be repeated in this book. 

K. H. Stewart 


The Algebra of Vectors and Matrices 

By Thomas L. Wade. (Addison-Wesley Mathematics 
Series.) Pp. ix+189. (Cambridge, Mass.: Addison- 
Wesley Press, Inc., 1951.) 4.50 dollars. — 


'HE scope of this book is wider than would be 
expected from its title. In addition to an account 

of vectors and matrices, there is also a chapter on 
abstract algebra, and these subjects are correlated. 
This is @ great advantage to students of pure mathe- 
matics, who are helped to understand the difficult 
concepts of abstract algebra by concrete examples of 
entities to which they relate, and at the same time 
to gain @ deeper understanding of vectors and 
matrices by seeing how their properties exemplify 
general theorems. The book can also be used by 
students of physics or engineering, by the omission 
of the sections on abstract algebra indicated in the 
preface. The mathematical knowledge assumed is a 
first course in analytical geometry and determinants. 
The abstract algebra comes in Chapter 1, which 
gives a lucid introductory account of groups, integral 
domains, fields and rings. Chapter 2 deals with 
vectors in two and three dimensions, Chapter 3 with 
vector methods in geometry, and Chapter 4 with 
vectors in nm dimensions. Matrices are introduced in 
Chapter 5, and further considered in Chapter 6. 
Chapter 7 deals with groups of matrices, matrix 
representation of groups, and transformations. The 
characteristic equation is considered in Chapter 8, 
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and the concept of rank in Chapter 9. Chapter 10 | 
gives a brief account of linear, bilinear and quadratio J 
algebraic forms, referring to other books for proofs | 
of the more difficult theorems. Chapter 11 gives | 
some applications of matrices, including those to 
statistics and the ‘multiple factor’ analysis of f 
psychology. The book concludes with two short | 
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appendixes, a bibliography, an index and answers to |” 


the exercises. H. T. H. Piaaaio 


The Theory of Group Characters and Matrix Repre- 
sentations of Groups 
By Prof. Dudley E. Littlewood. Second edition, 
Pp. viii+310. (Oxford: Clarendon Press ; London: 
Oxford University Press, 1950.) 25s. net. 
HIS new edition of Prof. D. E. Littlewood’s 
well-known book is reprinted lithographically 


from corrected sheets of the first edition, a method q 


of which the possibilities for extensive alteration are 
obviously strictly limited. The author has added an 


appendix summarizing recent applications of the |” 


theory of S-functions to invariant theory, and in one 
or two places in the body of the book he has given 
references to recent work which has caused him to 


modify his opinions. Otherwise, the only alterations | 


are the correction of a number of misprints, so that 


the virtues and faults of the book are substantially | 
uncLanged. Unfortunately, some mistakes remain, |” 
the most important being the quite inaccurate table |~ 
of characters given on p. 279 for the simple group of | 


order 504; and some of the corrections have been 
wrongly made, as on p. 123 where in the two penulti- 
mate formule the exponent of g should read (r — 1)%. 
This is a pity, because the book both requires and 
deserves a more thorough overhaul. 
GRAHAM HIGMAN 

Fluorine and its Compounds 
By Dr. R. N. Haszeldine and Dr. A. G. Sharpe. 
(Methuen’s Monographs on Chemical Subjects.) Pp. 
vii+154. (London: Methuen and Co., Ltd.; New 
York : John Wiley and Sons, Inc., 1951.) 8s. 6d. net. 

URING the past decade advances in fluorine 

chemistry have been so rapid that most chemists 
find it difficult to keep abreast with new knowledge 


in this field. In reviewing fluorine and its compounds, |” 


Drs. R. N. Haszeldine and A. G. Sharpe have written 
a timely and commendable little book in which s 


store of knowledge has been condensed into a small | 


e. 

The first chapter deals briefly with the preparation, 
properties and analysis of fluorine, and the second 
chapter deals in the same manner with the two 
fluorine compounds, hydrogen fluoride and boron 
trifluoride, which have a high commercial significance 
as catalysts. The third chapter deals with the 


inorganic fluorides in a clear and precise manner and | — 


provides a useful summary. Finally, the last chapter, 
about half the book, deals with the rapidly expanding 
subject of the organic compounds of fluorine. A 
summary is given of the methods of synthesis and of 
the chemical and physical properties of many 
important compounds such as the ‘Freons’, the 
fluoroacids and polytetrafluoroethylene. Apart from 
the incorrect statement on p. 94 that p.-trifluoro- 


methyl lactic acid gives a methacrylate derivative — 


on treatment with sulphuric acid, one finds very few 
errors. 
The book will be particularly useful for students. 


It is essentially a digest and, like all good digests, | 3 
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whets the appetite for more. 
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SOME PROBLEMS IN ASSESSING THE TOXICITY OF THE ‘ORGANO- 
PHOSPHORUS’ INSECTICIDES TOWARDS MAMMALS 
By W. N. ALDRIDGE and J. M. BARNES 


Medical Research Council Unit for Research in Toxicology, Carshalton, Surrey 


MONG the group of compounds often referred 
A to as organo-phosphorus insecticides, active 
search continues for members more effective as 
insecticides and less injurious to mammals than tetra- 
ethyl pyrophosphate (TEPP), p-nitrophenyl diethyl 
thiophosphate (Parathion, 1.605) or octa methyl 
pyrophosphoramide (OMPA, Schradan), which are 
among those in common use at present. While 
examining the mode o. action of these compounds on 
mammals, we have studied the biological properties 
of a number of them both in vitro and in vivo. 
Already there are a number of discrepancies in the 
published literature, and the publication of some of 
our observations may assist others working in this 
field. 

Purity of Material. While it is an obvious pre- 
caution to ensure that comparisons are only made 
between ‘purified’ substances, the possible nature of 
the impurities in this group of compounds makes the 
problem rather a special one. Comparisons have 
been made between the toxicity of these substances 
and their ability to inhibit cholinesterase in vitro’. 

Aldridge and Davison* studie< a group of ‘purified’ 
substituted diethyl phosphates, and a good cor- 
relation between their toxicity to mammals and their 
ability to inhibit cholinesterase in vitro has been 
found. A study of the kinetics of the reaction 
between these compounds and cholinesterase revealed 
that they all contained an impurity. This impurity 
was almost certainly tetraethyl pyrophosphate. 
This might readily arise by the combination of 
two molecules of the diethyl phosphoryl chloride 
used in the preparation of all the compounds. 
Washing with alkali would remove most of the 
pyrophosphate so formed. Nevertheless, traces 
apparently remained that would be undetectable by 
chemical means; but because of the very much 
greater activity of tetraethyl pyrophosphate as an 
inhibitor of cholinesterase, they became important 
in measuring the biological activity of the main 
product of the reaction. When the compounds were 
purified by allowing the pyrophosphate to become 
hydrolysed, there was no longer any correlation be- 
tween their activity as inhibitors of cholinesterase (see 
graph), and the toxicity of the original compounds. 

Dubois e¢ al.*, in discussing the toxicity of p-nitro- 
phenyl diethyl thiophosphate (Parathion, 2.605), state 
that it ‘“‘was found to be a strong inhibitor of cholin- 
esterase in vitro, a final concentration of 1-2 x 10-* M 
produced 60 per cent inhibition of rat brain cholin- 
esterase”. Aldridge‘ found that a specimen of 
Parathion believed to be pure produced a 50 per 
cent inhibition in 30 min. of goat’s red cell cholin- 
esterase at 1-26 x 10-* M. More recently, Diggle 
and Gage®, working with Parathion purified by 
chromatographic separation, have shown it to be 
very much less active in vitro, and using the same 
material we have confirmed their observations. The 
impurities in Parathion are almost certainly the 

isomers of this compound, but the highly active 
inhibitor p-nitrophenyl diethyl phosphate (EZ. 600) 
may also be present. Their toxicity and ability to in- 
hibit cholinesterase in vitro are compared in Table 1. 





Conversion into a toxic agent in vivo. In spite of 
its comparatively poor inhibitory activity against 
cholinesterase in vitro, pure Parathion is only a little 
less toxic than either of its isomers with their much 
higher in vitro activity. By a simple experiment it 
was possible to prove that it is converted into a 
more active inhibitor of cholinesterase after it has 
been injected into the body. Two rabbits were 
given a dose of 10 mgm./kilo, one by intravenous 
and the other by intraperitoneal injection. The level 
of cholinesterase was estimated before and at various 
times after the injection. Meanwhile, a sample of 
the animals’ blood, withdrawn before the Parathion 
was injected, was incubated in vitro at 37° C. with a 
concentration of Parathion which would have been 
reached in the blood of the rabbit had the whole of 
the dose injected been circulating all the time in the 
blood. By making this very improbable assumption, 
the concentration of the compound used for incuba- 
tion with the blood in vitro will be much higher than 
it would actually be in the blood of the animal. The 
results given in Table 2 show that the cholinesterase 
activity in the blood of the animal is much more 
reduced than that of the blood incubated in vitro. 
Parathion must have been converted into a more 
active inhibitor within the body. Included in Table 2 
are also the results obtained with other similar 
derivatives of thiophosphoric acid: 4-methyl-7- 
hydroxy coumaryl diethyl thiophosphate (2.838), 
p-nitrophenyl dimethyl thiophosphate and p-nitro- 
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TABLE 1. A COMPARISON BETWEEN THE TOXICITY TO RATS AND THE 

A 

(p-NITROPHENYL DIETHYL THIOPHOSPHATE), ITS TWO ISOMERS AND 
E.600 (p-NITROPHENYL DIETHYL PHOSPHATE) 











| Concentra- |Approximate 
tion - ethal dose 
ducing for 
Substance 50 per cent | intravenous 
inhibition | injection of 
after 30 min.| alcoholic 
incubation solutions 
| at 37°C. into male 
Sheep’s red rats 
cells 
Pacer 5 ; Okt 
E.605 (Pure) NO:< >—O P =8/1-7x10-* M*| 3 mgm./kilo 
OEt | 
vir: et 
Isomer T NO, Ps - P =0)2°5x10"*Mt/ 1-2, 
SEt } 
Lakin ait, OEFt | 
IsomerI] NOC.< S—S P =0/2-8x10°M]0-5 ,, 
OEt | 
“oF mole x10 ar | 0-4 
E.600 NO -{ =O;2 x 0- e 
Rt Ot 














* This is an extrapolated value which is more than the solubility. 
t This value is uncorrected for any impurities. We have evidence 
that £.600 may be present. 


phenyl di-isopropyl thiophosphate. For 2.838 and 
the dimethyl compound the results indicate a con- 
version to a more active inhibitor. With the 
di-isopropyl compound the results are apparently 
not so conclusive. If the same test is applied to 
p-nitrophenyl] diethyl phosphate (£.600), a compound 
which is directly toxic and has a lethal dose of 
0-5 mgm./kilo, the calculated concentration for the 
in vitro incubation would be 2°5 x 10° M. This 
concentration will produce 90 per cent inhibition in 
about six seconds‘. We therefore consider that the 
results obtained with the di-tsopropyl compound do 
indicate that this is also converted to another more 
active inhibitor in vivo. 

4-Methyl-7-hydroxy coumary] diethyl thiophos- 
phate (£.838) has been examined by Cochran, Doull 
and Dubois‘, and they have found that their sample 
produced 50 per cent inhibition of cholinesterase in 
vitro at a concentration of 5 x 10-°° M. Our sample 


TABLE 2. COMPARISON OF THE INHIBITION OF RED CELL CEOLIN- 
ESTERASE (1) BY COMPOUNDS ADMINISTERED TO LIVING ANIMALS AND 
(2) INCUBATED in vitro WITH BLOOD FROM THE SAME ANIMALS 


For the calculation of the in vivo concentration in blood, the blood 

volume of a rabbit has been taken as 70 mi./kilo. It was assumed 

that all the drug would be in the circulating blood. All injections 
were solutions of the compounds in absolute alcohol 


| 








| 
Time after | 
Dose Route of injection or of Per cent 
mgm./kilo |administration| incubation inhibition 
(min.) in vitro in vivo 





p-Nitrophenyl diethyl thiophosphate (£.605) 
10 10 


Intravenous 8 83 
10 Intraperitoneal 11 9 66 
40 20 81 





4-Methyl-7-hydroxy coumary] diethyl thiophosphate (£.838) 
15 Intravenous 20 26 94 
30 -- 97 


Dimethyl] p-nitrophenyl thiophosphate 
10 


Intravenous 10 a 67 
40 8 64 
15 o 10 6 80 
40 5 65 


Di-isopropy! p-nitropheny! thiophosphate 
15 Intravenous | 10 21 34 


| 
aaa dary a oxide (DIFO) 














Intravenous 7 31 88 | 
20 — 86 
42 —- 8 | 
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has very little activity against cholinesterase, but 
the lethal dose for our material is the same as that 
reported by Cochran et al... Aldridge and Davison? 
have shown that there is a relation between inhibitory 
power and stability to hydrolysis of a series of sub. 
stituted diethyl phenyl phosphates. Since the 
corresponding thiophosphates are much more stable 
to hydrolysis, it is to be expected that they would 
have lower activities in vitro against cholinesterase, 
Further work’ has shown that this is so, and pure 
Parathion (£.605) has approximately the inhibitory 
power in vitro one would expect from its stability to 
hydrolysis. It is suggested, therefore, that reports of 
derivatives of thiophosphoric acid having im vitro 
activities as high as or higher than the corresponding 
phosphates should be regarded with suspicion. 

It is generally accepted that octa methyl pyro- 
phosphoramide is converted into an active inhibitor 
of cholinesterase in vivo because it has no activity 
in vitro. Gardiner and Kilby* and Dubois e¢ al. 
showed that liver slices could convert it into an 
inhibitor in vitro. Cheng’, in experiments on hepa- 
tectomized animals, has shown that in the whole 
animal the liver is the only important site of the 
conversion of this substance. We have shown that 
rabbit liver slices are less efficient than those from 
the rat. It is interesting that the rabbit is less 
susceptible to octa methyl pyrophosphoramide than 
the rat, and dies much more slowly after receiving a 
lethal dose. Dubois and Doull™ examined the sym- 
metrical and unsymmetrical diethoxy bis(dimethy!|- 
amino) phosphonous anhydrides (presumably the 
anhydride of monoethyl dimethylaminophosphonic 
acid and the mixed anhydride of diethylorthophos- 
phoric acid and bis(dimethylamino) phosphonous 
acid respectively) and found them to be active 
inhibitors of cholinesterase in vitro. We have also 
found that the mixed anhydride of monoethy]- 
dimethylamino phosphonic acid and bis(dimethy!- 
amino) phosphonous acid and the mixed anhydride 
of diethylorthophosphoric acid and _ bis(dimethy!- 
amino) phosphonous acid are inhibitors in vitro, but 
suspect that these preparations contain more than 
traces of tetraethyl pyrophosphate, to the presence 
of which they may owe all or part of their activity. 
Dubois and Cochran” state that their sample of 
bis-dimethylaminofluorophosphine oxide was equally 
active against true and pseudo cholinesterase (brain 
and submaxillary gland) and that 50 per cent 
inhibition was produced by as little as 4 x 10° M. 
We have examined two samples of purified material 
from different manufacturers and find that both have 
extremely low activity (50 per cent inhibition for 
cholinesterase of rat red cell and brain was produced 
by approximately 7 x 10°? M). It was a hundred 
times more active against serum or heart cholin- 
esterase. The sample used by Dubois and Cochran’ 
must have been contaminated with some more active 
inhibitor. 

As the results in Table 2 indicate, bis-dimethy]- 
aminofluorophosphine oxide is also converted by the 
body into an active inhibitor of cholinesterase. We 
have also shown that rat liver slices can convert it 
to @ more active inhibitor, which is itself unstable. 

It seems clear from the relation between stability 
to hydrolysis and inhibitory power? that any altera- 
tion to the molecule of octa methyl pyrophosphor- 
amide or bis-dimethylaminofiuorophosphine oxide 
which renders the P—O—P or the P-—-F bond 
unstable will convert them to active inhibitors of 
cholinesterase. This view has been confirmed by 
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work still in progress on the three substituted fluoro- 
phosphoric acids. As the stability to hydrolysis 
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solution, death after an intravenous or intraperitoneal 
injection normally occurs within an hour of adminis- 


decreases from left to right : tration. When they are injected subcutaneously in 
Oo O 6 small volumes (0-01-0-1 
' ' Cc ml.) of strong solutions in 
a ff ON | 0H, CH Co eliatal; tein candle te 
N- x i -N a ‘CH. NH--P- N. pas -NH.CH tis Aine about tat Menke 

‘H,/ CH, CH,” Cc SH adminis 
= ¥ F ‘ t A ag ¥ NCH, the average lethal dose by 


so their inhibitory power increases. We have also 
shown that the inhibitor produced from octa methy! 
pyrophosphoramide compound by rat liver slices is 
also more unstable to alkali than the original com- 
pound, and that from the bis-dimethylaminofluoro- 
phosphine oxide is very unstable. Hartley and 
Heath'* consider that the decomposition of the former 
in the green plant proceeds by oxidation (probably 
of a methyl group), which leads to rapid hydrolysis 
of the pyrophosphate bond. Hartley" further suggests 
that the same type of oxidation occurs in the mammal 
but much more rapidly, so that the unstable com- 
pound exerts a toxic action. He has demonstrated 
that it is possible to obtain an inhibitor which is 
unstable to alkali by oxidation with permanganate. 

Susceptibility of male and female rats. Dubois et al.* 
found female rats to be more susceptible to Parathion 
than male rats, but that other species do not show 
this difference in the susceptibility of the sexes. We 
have confirmed this observation using pure Parathion. 
Male and female white rats are equally susceptible 
to the active inhibitors of cholinesterase tetraethy] 
pyrophosphate and p-nitrophenyl diethyl phosphate 
(F.600) and also to the two isomers of Parathion. 
This suggests that the susceptibility of male and 
female rats may be connected with a difference in 
their ability to convert Parathion to the active 
inhibitor. This suggestion is supported by the fact 
that 4-methyl-7-hydroxy coumary! diethyl thiophos- 
phate (4.838), which also has to be converted, is 
more toxic for female than for male rats. On the 
other hand, male and female rats are equally sus- 
ceptible to p-nitrophenyl dimethyl or di-tsopropyl 
thiophosphate, which they must also cosvert to an 
active inhibitor. The observations with Parathion 
and the compound 2.838 might suggest that the 
sex difference is only to be observed when a diethyl 
thiophosphate ‘head’ is present in the compound and 
that the difference is not seen when other alkyl 
groups are attached. On the other hand, a marked 
difference in the susceptibility of male and female 
rats is shown to p-nitrophenyl-ethyl thiobenzene 
phosphonate (EPN 300). 

Male and female rats also differ in their sus- 
ceptibility to octa methyl pyrophosphoramide and 
to bis-dimethylaminofluorophosphine oxide ; but in 
this case it is the male rat that is more susceptible 
than the female, and presumably it can convert these 
substances into active inhibitors of cholinesterase 
more rapidly or more efficiently. 

Route of injection. The lethal doses of tetraethy] 
pyrophosphate and p-nitrophenyl diethyl phosphate 
are only slightly reduced*if the subcutaneous is 
substituted for the intravenous route of adminis- 
tration. Death from an average lethal dose occurs 
within 10-30 min. of the injection by either route. 
The latter has always been injected as a solution in 
ethanol; the former may be given in water or 
ethanol without affecting either size of the lethal dose 
or the time of death after administration. Parathion 
and the methyl and isopropyl analogues are extremely 
insoluble in water. When they are given in alcoholic 





intravenous injection, and 
death does not occur for at least 24-48 hours in the 
case of Parathion and the di-methyl analogue. The 
first signs of poisoning and eventual death may not 
follow for 10-14 days after the subcutaneous injection 
of the di-isopropyl analogue. It is possible that the 
compounds remain dissolved in the lipoids of the 
tissues at the site of injection and are only_slowly 
released. 

We observed that when samples of Parathion, 
either undiluted or dissolved in ethanol, were injected 
under the skin of rats, the single lethal dose by this 
route was twice as great with the pure preparation 
as with commercial or less carefully purified samples. 
This may be explained by the fact that the average 
lethal dose of the isomers of Parathion, as in the case 
of p-nitrophenyl diethyl phosphate, is little affected 
by changing from the intravenous to the subcutaneous 
route of inoculation. 

Conclusion. In comparing the activities of a series 
of compounds effective as inhibitors of cholinesterase, 
special care must be taken that the materials are free 
from traces of contaminants possessing activity 
against the enzyme several orders greater than the 
preparations being examined. It may be impossible 
to detect the presence of such impurities by chemical 
means. 

It seems probable that many of the compounds 
used, or proposed for use, as insecticides do not 
become toxic for mammals until they have been 
attacked by some metabolic system within the 
mammal. This fact lends hope to the possibility 
that compounds will be discovered which the insects, 
but not the mammals, will convert into poisons for 
themselves. 

In carrying out toxicity tests on mammals, care 
must be taken to select routes of administration that 
will be least influenced by the solubility of the 
materials compared. The existence of differences in 
susceptibility of sexes and species should also be 
considered. 

We wish to thank Mr. B. Topley, of Messrs. 
Albright and Wilson, Ltd., for his invaluable assist- 
ance and advice in supplying the majority of materials 
used in this work. Dr. G. 8. Hartley, of Pest Control, 
Ltd., kindly supplied other materials, and Dr. 
A. H. M. Kirby, of East Malling, sent the purified 
sample of 4-methyl-7-hydroxy coumaryl diethyl 
thiophosphate. 
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RADIO ASTRONOMY 


By J. A. RATCLIFFE, O.B.E., F.R.S. 
Cavendish Laboratory, Cambridge 


UR knowledge of astronomical bodies is almost 
entirely derived from observations of the 
electromagnetic waves which they emit. The earth’s 
atmosphere forms a very complete absorbing blanket 
for most of these radiations; but there are two 
‘windows’ in the atmosphere, one in the region of 
optical wave-lengths and one in the region of short 
radio wave-lengths. Radio astronomy deals with the 
study of those radiations which reach the earth from 
outer space and are transmitted through the radio- 
frequency ‘window’ to the surface of the earth. 

If the radiation is received on a tuned radio 
receiver, it is found that it fluctuates rapidly in an 
irregular manner, and if the resulting signal is listened 
to with telephones it sounds like a rushing noise. 
The reception and amplification of weak irregular 
noise in a radio receiver presents a difficult problem, 
because the resistances and valves in the amplifier 
themselves produce similar random noise. The 
separation of the received noise from the amplifier 
noise is usually achieved by switching the amplifier 
rapidly back and forth between the aerial and a 
controlled source of radio noise. If the noise produced 
by the controlled source is not the same as that 
produced in the aerial, there will be a fluctuating 
component in the output. This may be recorded, and it 
provides a measure of the noise received by the aerial. 

Once it has been established that radio-frequency 
waves are incident on the earth from outside, it is, 
of course, desirable to use some kind of ‘radio 
telescope’ to find their direction of arrival. The 
simplest type of radio telescope consists of a concave 
mirror with a receiving aerial at its focus and is 
similar to an optical reflecting telescope. The 
accuracy with which the direction of arrival of waves 
can be determined with any apparatus of this kind is, 
however, limited by the ratio between the width of 
the mirror and the wave-length of the waves used. 
The wave-length of radio waves is so much greater 
than that of light waves that it would require an 
aerial 150 miles wide to give the same angular 
accuracy as an optical telescope with a lens 1 in. wide. 
It is obvious that, with radio telescopes, we cannot 
hope to approach the accuracies which are possible 
with waves of light ; but in an attempt to get the best 
possible accuracy large mirrors have been constructed. 
One of the largest, used by the workers at Manchester, 
has an aperture of about 220 ft. and is used on a 
wave-length of 1-9 m. It is interesting to notice 
that, if our eyes could observe angles with only the 
same limited accuracy as this mirror, the sun would 
not appear as a clear disk in the sky, but it would 
look like a diffuse ‘blur’ about twice its present size. 
All the stars in the sky would appear this same size, 
so that we should simply see a general diffuse radiation 
corresponding to the overlapping of all their blurred 
images. Where there was a particularly bright star 
there would appear to be a diffuse bright patch of 
this same size. 

Large mirrors are costly and difficult to construct 
accurately, and there is a physical limitation to their 
size. It has long been appreciated in optical astronomy 
that in principle it is not necessary to use the whole 
of the mirror to achieve the full angular accuracy 


* Substance of a Friday Evening Discourse at the Royal Institution 
delivered on November 23. 
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Receptivity diagram of aerial arrays used in radio astro: 
omy. From Proc. Roy. Soc., A, 198, 98 (1948) 


Fig. 1. 
and that only the portions at the edge are required. 
This principle has been applied in the following way 
in radio astronomy. Two aerial arrays are used, 
separated by as great a distance as possible in the 
east-west direction. The two arrays are connected 
to a single receiver at the midpoint, and the com- 
bination then has different receiving powers in 
different directions. The receptivity diagram has the 
form represented in Fig. 1, in which maxima alternate 
with minima. When the earth rotates, the reception 
pattern is carried round with it, so that an astronom- 
ical source of radiation which subtends a very small 
angle would be received with periodically increasing 
and decreasing intensity. If the source subtends an 
angle comparable with the angle between two 
maxima, then it will always overlap one or other of 
them and the response will not vary much. If there 
is a@ small concentrated source, superposed on a 
general background of diffuse radiation, it will produce 
an oscillating trace, whereas the diffuse radiation will 
produce a steady trace. Fig. 2 shows the type of 
record obtained in practice. It indicates the presence 
of a general background of diffuse radiation the 
intensity of which varies with time as the different 
parts of the sky come under observation, with two 
strong isolated sources which produce the two 
oscillating traces at times when the receptivity dia- 
gram is swept past them by the movement of the 
earth. 

We now turn to examine some of the results which 
have been obtained by the observation of astronomical 
sources. Records of the type shown in Fig. 2 have 
indicated the existence of a large number of discrete 
sources of radiation distributed throughout the sky 
and have enabled their positions to be fixed within 
the angular accuracy appropriate to the apparatus 
used. 

The discrete sources of radiation which have been 
detected in this way have been: called ‘radio stars’. 
Their intensities cover a wide range and the strongest 
are so intense that at a wave-length of 5 m. two are 
stronger than the sun. It is interesting to inquire 
whether the radio stars are, in fact, also visible stars, 
but in asking this question we must remember that, 
on account of the limited angular accuracy of the 
‘radio telescopes’, it is not possible to locate the radio 
stars as accurately as the visible ones. Within the 
limits of +} minute of arc, to which any radio star 
can be located, there are always a large number of 
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Record of two isolated sources of radiation against a background of diffuse radiation. 


From Ryle, M., 


Reports on Progress in Physics, 13 (1950) 


visible stars. It seems clear, however, that the most 
intense radio stars do not coincide with the most 
intense visible stars, and that no visible star of 
magnitude greater than 12 lies in the region ascribed 
to any one of the strongest four radio stars. It 
appears that the intensity of radio stars is not related 
simply to the intensity of the light which they emit. 

In addition to the radio stars, there is also a general 
background of radiation which cannot be resolved 
into discrete sources. The distribution of intensity 
in this unresolved background is found to follow 
closely the contours of the galaxy as determined from 
star maps. It appears that the disk-like assembly of 
visible stars which forms our galaxy has associated 
with it sources of radio radiation which are also 
distributed throughout this disk, so that we receive 
most radiation from its plane, just as we see the 
Milky Way as a concentration of stars in this plane. 

The question now arises whether the galactic 
radiation is, in fact, smoothly distributed over the 
galaxy or whether it is the sum of radiations from 
innumerable radio stars which have not yet been 
resolved. The fact that the discrete sources so far 
discovered are distributed roughly evenly in all 
directions is not significant, because it is most likely 
that they represent the strongest, and therefore the 
nearest, sources and they may all be nearer than the 
shortest dimension of the galaxy. It has so far 
proved impossible to measure the parallax of any 
radio star, because of the small resolving power of 
the ‘telescopes’; the most that can be said is that 
they are farther away than 1/20 parsec., which is 
considerably less than the smallest galactic dimension. 
The present evidence appears to be neither for nor 
against the supposition that all the galactic radiation 
comes from discrete radio stars which are at present 
unresolved. 

The fact that the radiation comes from the galactic 
plane, and hence probably from sources throughout 
the galaxy, suggests that our galaxy is probably also 
radiating outwards into space. If this were so, we 
might expect other galaxies to send some measurable 
radiation to us. It has, in fact, been found that four 
very distant galaxies, presumably similar to our own, 
fall within the somewhat inaccurate directions found 
for four of the radio stars. 

We now turn to consider the radio radiation received 
from the sun. It is found that when the sun is not 
appreciably disturbed by the presence of sunspots, 
the intensity varies with the wave-length of the 
radiation. This fact has an important theoretical 
significance which will be discussed later. The 
distribution of emission across the quiet solar disk 
has also been determined on several wave-lengths, 
and it is found that the ‘radio sun’ is somewhat larger 
than the ‘optical’ sun and that, unlike the optical 





radiation, the radiation falls off gradually near the 
edge. 

When the sun is known, from optical observation, 
to be disturbed, the radio radiation is often con- 
siderably enhanced. The enhanced radiation is very 
variable, and sometimes sudden bursts of radiation 
are associated with solar flares. Experiments with 
special aerials have shown that the sources of 
enhanced radiation coincide fairly accurately with 
visible sunspots. 

Now let us inquire how these facts can be explained. 
We first consider the radiation from the undisturbed 
sun, and note that it has all the characteristics of the 
light which would be radiated in the complete spec- 
trum of electrornagnetic waves from a hot body. 
The radiation from a body at a high temperature 
would include an appreciable amount of energy in 
the region of radio wave-lengths, and if this radio 
radiation were really a part of the continuous spec- 
trum it would have the characteristics of noise which 
are observed in the solar radiation. If we assume that 
the radiation comes from an area slightly larger than 
the solar disk (as shown by experiment) we can use 
the observed intensity of the radiation to calculate 
the temperature of the region from which it originates. 
When this calculation is performed, it is found that 
the equivalent solar temperature is about one million 
degrees, which is greater than that (6,000° K.) 
deduced from observation of the visible light from 
the sun. Now the solar corona is supposed to have a 
temperature of the order of one million degrees and 
to be completely ionized, so that it consists of free 
electrons colliding, comparatively infrequently, with 
the positive nuclei of atoms. Calculation shows that 
it would radiate radio waves of the kind observed. 
If this assumption is made, it is then possible to 
extend our knowledge of the corona by observations 
of the radio waves. It is interesting to note that 
because the corona extends considerably beyond the 
visible disk of the sun we should expect the ‘radio 
sun’ to be larger than the visible one, as is, in fact, 
found. 

After having said that there is a reasonably good 
theory for the emission of radio waves from the quiet 
sun, we now have to admit that there is no corres- 
pondingly simple explanation of the enhanced 
radiation from sunspots. 

When we turn to consider the galactic radiation 
also, it cannot be said that any firm theory has yet 
been proposed. It is first natural to ask whether a 
series of bodies like the sun, distributed throughout 
the galaxy, could produce the observed radiation. In 
this connexion we note that, if all the visible stars 
emitted radio waves like the quiet sun, the total 
radiation would only be about 10-* of that observed 
from the galaxy. If they all emitted like the sun 
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when it is most disturbed, the total radiation would 
still fall short by a factor of about 10-*. But the 
great constancy of the radiation from each of the 
fifty or so radio stars so far observed makes it seem 
unlikely that they emit by any mechanism corres- 
ponding to that which occurs on the disturbed sun. 
If we assume that the strongest observed radio star 
(that in the constellation of Cassiopeia) is at the 
distance of the nearest visible star, and that the total 
number and distribution of radio stars and of visible 
stars are the same, then we could account for the 
total radiation from the galaxy. If it is supposed 
that the whole of the galactic radiation cannot be 
accounted for by radiation from discrete radio stars, 
then it is necessary to postulate radiation from the 
interstellar matter. Although the possibility of this 
has been considered in some detail, it cannot be said 
that any theory which would explain the observed 
intensity has yet been advanced. 

When we seek a mechanism to explain the radiation 
from the observed discrete radio stars, we first notice 
that they differ from the sun in that they radiate 
comparatively much more strongly in the radio 
frequencies than in the visible part of the spectrum, 
as if they had photospheres which are much cooler 
than the sun and coronas which are much hotter. 
But no detailed theory has yet been accepted to 
explain them. 

It appears likely that, in the immediate future, 
experimental radio astronomers will concentrate their 
attention on devices for achieving increased angular 
accuracy, in an attempt to observe more radio stars 
and, if possible, to measure their parallaxes and 
angular sizes. A search for the emission of charac- 
teristic ‘line’ spectra from the galaxy and from the 
sun will also probably be carried out, particularly in 
view of the most interesting recent discovery that 
waves of length 21 cm. can be observed, due to 
hydrogen, in certain directions in the galaxy. On 
the theoretical side, attention will probably be 
directed towards theories to explain the radiation 
from sunspots and from radio stars. 


THE DISTRIBUTION OF 
RADIOACTIVITY 


HE great advances, made during recent years, in 

cur knowledge of the distribution of radioactivity, 
both in terrestrial rocks and in meteorites, were pres- 
ented at a Geophysical Discussion in the Royal Astro- 
nomical Society’s rooms on October 26 by two of the 
foremost workers in the field. Dr. C. F. Davidson, 
chief geologist of the Atomic Energy Division of the 
Geological Survey, gave an account of the very 
considerable data which have been accumulated in 
the past ten years about terrestrial radioactivity. 
The information about the distribution of uranium 
and thorium now exceeds that about any other rare 
metals. Prof. F. A. Paneth, of the University of 
Durham, emphasized that modern determinations of 
the radioactivity of meteorites have shown that the 
figures obtained in various laboratories a few decades 
ago were some ten times too big. It appears that 
some authors still base their conclusions, erroneously, 
upon the old misleading figures. The influence of 
these new facts upon ideas of the earth’s interior, in 
particular upon the interpretation of the measure- 
ments of heat flow through the crust, was discussed 
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by numerous speakers, including Dr. E. C. Bullard, 
director of the National Physical Laboratory. Prof, 
C. E. Tilley was in the chair. 

Dr. Davidson said that -wide variations in con. 
centration of uranium and thorium in the exposed 
terrestrial rocks had been found, the highest being 
in the pitchblende ores of the Belgian Congo and the 
lowest in lead stopes in the Broken Hill region of 
Australia. The concentrations increase with the 
acidity of the parent rocks, as shown by the following 
figures for representative averages : 
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Rock type [U] x 10° gm./gm. 
Acid igneous 3-0 
Intermediate igneous » 15 
Basic igneous 0-6 
Ultrabasic igneous 0-03 
Meteorites 0-003 


It would be unwise to extrapolate the results so 
far obtained to the earth as a whole, since, for example, 
the composition of granite in the earth’s crust 
is by no means uniform. The great variability from 
place to place is demonstrated, for example, by the 
results of an ionization survey in 1950 in northern 
Michigan: more than a hundred anomalous areas, 
with a concentration of uranium oxide (U,0,) prob- 
ably as much as 0-02 per cent, were detected. 
The ratio of thorium to uranium in different places 
has been found to vary between about 4:1 and 
about 10:1. Dr. Davidson was of the opinion that 
the total radioactive content of the earth would be 
found to have hitherto been under-estimated. Auto- 
radiographic techniques are in use, he said, to locate 
radioactive minerals accurately within igneous rocks. 
It has been noticed that these minerals are concen- 
trated mainly in the marginal and roof phases of 
intrusions: high concentrations have been found in 
regions where erosion has not advanced far. Hydro- 
thermal pitchblende is often found where intrusions 
enter into schists, for example, in Bohemia and in 
Cornwall. All primary uranium deposits of unde- 
bated paragenesis are associated with acid rocks. 
Basic dykes, sometimes silicified by the ore- 
bearing solutions, may form structural controls 
for primary uranium lodes and a geochemical control 
for secondary mineralization, but in all such instances 
the introduction of uranium has been due to hydro- 
thermal action of granitic parentage. The only other 
eruptive rock-types carrying a radioactivity equal to 
that of the acid igneous rocks are the anomalous 
carbonatites of Norway, Uganda and Nyasaland. It 
seems not unlikely that, in this case also, acid meta- 
somes charged with carbon dioxide have played an 
important part in their formation. 

The radioactivity of sediments is better known 
than that of igneous rocks because of the widespread 
commercial practice of radioactive well-logging. A 
very extensive picture of regional distribution in 
different geological ages can be built up from the 
data in the various horizons penetrated. For example, 
marine sediments appear nearly always to be more 
radioactive than non-marine or estuarine deposits, 
except in the case of certain red marls formed under 
very dry conditions. In the latter case the radio- 
activity is mostly due to potassium. An unusual 
distribution has been found in the sediments of the 
Witwatersrand. The high concentrations are found 
there in the gold-bearing ‘bankets’ and the low con- 
centrations in the quartzites. This suggests that 
both uranium and gold have been introduced by 
hydrothermal fluids. Caution must be exercised in 
interpreting comparisons of the radioactivity in 
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different sedimentary types made by different 
methods, as measurements of a-, B- and y-ray 
activities give somewhat different values when they 
are expressed as equivalent urania. 

Dr. Davidson next referred to the important 
phosphate ores, discovered in the United States, the 
U.S.8S.R. and Africa, which contain as much as 
100 gm. U;O, per ton. Their total content has been 
estimated to be ten million tons of uranium altogether, 
representing a power reserve greater than all the oil 
and coal in the world. These ores are likely to be 
worked economically in the foreseeable future. 

One result of general interest is the apparent 
tendency for high concentrations of radioactivity to 
persist throughout all the geological formations in 
any particular area. For example, in the Dutch 
East Indies, not only Carboniferous granites but in 
addition Tertiary granites and volcanics are rela- 
tively rich in thorium-bearing minerals. Other 
examples of such radioactive ‘provinces’ have been 
noted in Utah, the eastern Rockies, in Cornwall 
and in Madagascar. But otherwise there is little 
regularity about the distribution; and statements, 
such as Bain’s, that radioactivity tends to be con- 
centrated on the edges of the shields, or Schwin- 
ner’s, that it tends to be concentrated near the 
intersections of mountain chains, are by no means 
proved. A fuller account of Dr. Davidson’s paper has 
already been published. 

Prof. F. A. Paneth said that the first reliable 
measurements on the radioactive content of meteorites 
were made at Durham and published twelve years 
ago. The low concentration of radioactivity (on the 
average 0-007 x 10 gm./gm. uranium and 0-04 x 
10* gm./gm. thorium in iron meteorites) appeared 
to indicate an age twice as great as that of the earth, 
if it were assumed that all the helium was of radio- 
active origin. As far as uranium is concerned, these 
measurements were resumed by Davis in Washington 
about four years ago and his results confirmed the 
low values. Further proof has recently been obtained 
at Durham by means of a fluorimetric technique, 
developed at the Radium Institute in Vienna, and 
it is now possible, not only to give reliable mean 
concentrations for meteorites, but also to study the 
significance of the variations found among different 
single meteorites. A selection of the results available 
at present is given in the accompanying table. 
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| 
Name of meteorite Class [U]=10* | [Th] 16*| Analyst 
| gm./gm. gm./gm. ‘ 
Mount Ayliff Og 0-4 2 Jacobi 
Bethany Amalia of 1-0 4 (1942) 
Mesa Verde Park Om <0-12 Davis 
Glorieta Om 0°5 (1950) 
Monionalusta | Of 0°8 | 15 Golden 
Toluca | Om | 0-9 | <10 |S (1951) 
PALLASITES (DAVIS, 1950) 
[U] x 10° gm./gm. in: 
Name of meteorite Metal phase | Stone phase 

Salta Argentina 19 <0-12 
Brenham Township 0-79 <0-09 














The date of solidification of many meteorites, 
Prof. Paneth said, has been determined by the 
helium method and found to be, in some cases, less 
than half a million years ago. This methcd can, in 
general, not be applied to stone meteorites or the 
stone phases of pallasites, since they do not hold 
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the helium. Prof. Paneth concluded by emphasizing 
that meteorites are complicated and varied. This 
cannot easily be accounted for by the astronomers’ 
simple assumption that they represent fragments 
of an exploded planet similar to the earth. Each 
meteorite has probably had its own geological 
history and may be entirely different from a neigh- 
bour, found, by chance, on the earth, within a few 
miles of it. 

Dr. E. C. Bullard began by discussing the extreme 
difficulty of taking a representative sample of the 
radioactivity of the earth’s crust. Analysis of hand- 
specimens by chemical means or the extraction of 
radon is tedious and slow, and it is difficult to obtain 
truly representative specimens. The analysis of 
powdered specimens by «-ray counters measures the 
activity of only a few milligrams of rock, and a very 
large number of samples is required to get a fair 
average. A survey of y-ray icnization, either from 
the ground or from an aircraft, provides a more rapid 
and more representative methcd of sampling but is 
difficult to interpret. This is because the ionization 
is preduced by a heterogeneous spectrum of y-rays 
from the elements uranium, thorium and potassium, 
so that the ratio of their concentrations cannot be 
accurately determined from its intensity. 

Dr. Bullard thought that published figures for the 
average radioactive content of rocks were probably too 
high as an average for the earth’s crust because, for 
the most part, the measurements have been made on 
specimens collected from the border zones of batho- 
liths. The observations of Ingham and Keevil and 
of Slack show that the radioactivity of batholiths is 
often some five or six times greater in border zones 
than in the centre. Moreover, the granites are 
probably over-represented in the samples in relation 
to the gneisses. 

He said that a few measurements, by the Scripps 
Institution, of heat-flow through the floor of the 
Pacific Ocean suggested that it is there very little 
different from that under the continents. The general 
uniformity of the flow found on land and its lack of 
correlation with the topography suggest that much 
of the heat probably comes from below the crust. 
He thought that there was probably a constant total 


amount of radioactive material in any unit vertical 


column of the earth’s mantle and that its average 
concentration may be as low as the values found by 
Prof. Paneth for stony meteorites. Under the 
continents, some mechanism has brought about an 
upward migration of uranium and thorium giving 
higher concentrations in the surface rocks: there is 
no reason for supposing that any extensive horizontal 
migration has occurred. 

Dr. Bullard concluded by directing attention to 
the low radioactive content of sediments, sea water 
and sea-bottom oozes. He wondered whether the 
total amount in all three would be sufficient to 
account for the amount eroded from the continents 
since formation. 

An energetic discussion followed from these inter- 
esting contributions, in which most speakers were 
concerned with examining the question of the degree 
to which the various types of measurement can be 
regarded as representative. Mr. B. C. Browne and 
Dr. R. Stoneley raised questions about the heat-flow 
measurements. 

Mr. Browne pointed out that the observations of 
heat-flow in the Pacific were rather few and might 
also be subject to a sampling error. He s that 
the earth might have acquired a fairly uniform outer 
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layer of radioactivity by meteoritic accretion. This 
may have been completed very early in the earth’s 
history, and the present unevenness may have been 
brought about by subsequent agencies such as 
erosion. Dr. Bullard replied that the variability of 
heat-flow measurements on land was small, most 
observations being within fifty per cent of the mean 
value. It seemed to him unlikely that any serious 
sampling error had been incurred by making only a 
few measurements at sea. Dr. Stoneley asked if 
determinations of heat-flow had ever been made at 
several places in a very small area, or across a 
batholith of varying radioactive content. Dr. Bullard 
replied that in Persia about twenty wells in an area 
about 20 miles by 10 miles all yielded consistent 
results, after allowance had been made for structural 
variations in conductivity. No one has been able to 
investigate the heat-flow in a batholith in detail. 

Mr. Browne suggested that the apparatus used in 
the Pacific should be used in a pool at the bottom 
of a mine shaft in order to eliminate any possible 
objection on the grounds that different techniques 
have been used for land and sea. In reply to a question 
from Prof. Tilley, Dr. Bullard said that no seismic 
measurements had been made of the thickness of 
the sediments on the ocean floor in the areas where 
the heat-flow has been measured. 

In connexion with the validity of inferring average 
radioactive contents from hand specimens, Dr. 
Davidson said that he did not think it likely that 
most specimens had been collected from the border 
zonés of batholiths: it is more usual to find them 
collected from quarries, which are, as a rule, in the 
centres of batholiths. In inferring radioactive con- 
tents from an ionization survey, allowance can be 
made for the effects due to potassium by estimating 
the potash in the rocks. Surveys can be conducted 
in aircraft and from ‘jeeps’, or in boreholes. In the 
aircraft survey, background fluctuations are always 
the limiting factor to what can be detected: for 
example, at 500 ft. altitude the performance factor, 
or ratio of the increase of ionization,.due to the 
presence of a radioactive anomaly, to the back- 
ground variation, is about 6 for an area of 15,000 sq. 
yd. covered by a low-grade ore with 0-01 per cent 
U,0,. He thought this method gave by far the best 
sample. In reply to Dr. Bullard’s query, he said that 
he thought that there was no difficulty in accounting 
for all the radioactivity ‘lost’ from the continents : 
some sediments with radioactive contents as high as 
150 gm./ton are known. 

The representativeness of the meteorites which 
have been examined was also discussed by several 
speakers. Prof. Paneth said that no meteorites had 
been found with a radioactive content greater than 
that supposed to be the average for the earth. It is 
@ mistake to suppose that all meteorites found in a 
particular area have come from the same place at 
the same vime, since detailed examination often 
shows that the individual meteorites in a supposed 
‘shower’ have different helium contents. Where it 
is certain that a shower or large single meteorite has 
fallen, such as in the case of the Arizona meteorite, 
the variation in helium and radioactive content is 
much smaller. 

Prof. Tilley asked if anything was known about the 
way in which phosphate ores hold their uranium. 
Dr. Davidson replied that petrographical and 
chemical studies seemed to indicate that the uranium 
atoms are an integral part of the apatite structure. 
On the other hand, analysis shows that only about 
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one molecule of uranium is associated with 4,000 of 
apatite, whereas the ores contain usually between 1 
and 4 per cent of rare earths, which have an ionic 
radius similar to that of uranium. 

Dr. R. I. B. Cooper pointed out that no significant 
difference in radioactive content had been found 
between Hawaiian basalts and those erupted near 
the centres of the continents. He thought, therefore, 
that it was unlikely that a different process has gone 
on in depth beneath the continents from that beneath 
the oceans to account for the apparent upward con- 
centration of radioactivity beneath the former. It 
seemed worth while, however, in view of Prof. 
Paneth’s disclosures, to re-examine the data. Prof. 
Paneth said that he thought it more likely that the 
original distribution of radioactivity was determined 
by the solubility of radioactive elements in the 
various layers, as suggested by Goldschmidt. Dr. 
Bullard said that, as there are no acid rocks under 
the oceans, this process would give different heat- 
flows. Dr. Gold pointed out, however, that the 
accretion suggested by Mr. Browne might. have 
begun after the separation of the acid rocks. 

R. I. B. Cooper 


? Davidson, C. F., Mining Mag. (December, 1951). 


OBITUARY 
Sir Reginald Stradling, C.B., F.R.S. 


REGINALD Epwarp STRADLING died at Shriven- 
ham on January 26, at the age of sixty. Born in 
Bristol, the son of E. J. Stradling, he was educated 
at Bristol Grammar School and then studied engin- 
eering at the University of Bristol, where he graduated 
in 1912, proceeding later in his life to the degree of 
D.Sc. He served throughout the First World War, 
with a commission in the Royal Engineers, and 
gained the M.C. Later he became lecturer in civil 
engineering at the University of Birmingham and, 
in 1922, head of the Civil Engineering, Architecture 
and Building Department of Bradford Technical 
College. There began the special interest in building 
research which was to become his main work. 

In 1924 Stradling was appointed director of the 
then young Building Research Station of the Depart- 
ment of Scientific and Industrial Research. Under 
his guidance the Station grew steadily until in 1939 
it covered a wide range of activities in building and 
allied branches of civil engineering. The task of the 
growing Station was a difficult one. Scientific method 
had to be applied to building problems, and a 
traditionally minded industry had then to be per- 
suaded to use the results. Stradling’s enthusiasm 
and energy in the work and his high standing with 
engineers, architects and builders had much to do 
with the success achieved. In addition to his work 
at the Building Research Station he was also, during 
1933-39, director of the Road Research Laboratory. 

In 1938, when war threatened, Stradling was asked 
to prepare for the Home Office a report on the 
scientific aspects of civil defence, and, resulting from 
this, a Research and Experiments Branch of the Air 
Ruid Precautions Department of the Home Office 
was set up in February 1939, with Stradling in 
charge as chief adviser. He saw at once the import- 
ance of enlisting the help of scientific workers outside 
the government service, and a number of eminent 
men were brought together to form a Civil Defence 
Research Committee. Some of these later served 
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with Stradling in a full-time capacity during the 
War. 

All aspects of civil defence were studied by Strad- 
ling’s team ; but particular attention was given to the 
collection and analysis of information on the results 
of air attack. Many trials were organized to determine 
the effects of explosions on structures of various kinds, 
and, when the real attack started, the results of the 
enemy bombing were closely studied. The informa- 
tion gained was of great value to the Ministry of 
Home Security (as the Air Raid Precautions Depart- 
ment had then become) in developing the necessary 
protective and precautionary measures. In the later 
stages of the War it was also widely used in the 
planning of the Allied offensives. At this phase a 
considerable group of Americans was successfully 
integrated into the British research team. 

In 1944 Stradling moved to the Ministry of Works 
as chief scientific adviser, with the principal object 
of bringing to bear on the post-war building problems 
the scientific methods of attack which had been so 
successful in civil defence. Naturally he looked to 
the Building Research Station for much of the 
scientific support which he needed. At that time, 
however, the study of costs and economics and of 
certain sociological aspects of building was not 
included in the Station’s research prograrmme. To 
fill this gap, Stradling organized a research team 
within the Ministry. Considerable progress was 
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Theory of Chemical Structure in Organic Chem- 
istry: A. M. Butlerov 


In Nature of January 19, p. 92, a translation was 
published of resolutions passed at a conference held 
in Moscow last June on the theory of chemical 
structure in organic chemistry. It was stated there 
that “The Conference has clearly demonstrated the 
soundness of the theory of the structure of organic 
compounds due to the great Russian scientist, A. M. 
Butlerov ; this theory lies at the basis of the whole 
of modern organic chemistry”. The theory of 
resonance or mesomerism was said to be “directly 
opposed to the basic thesis of Butlerov’s theory”’, 
and it was condemned as physically untenable and 
sterile. Such sweeping claims require examination. 
A. Butlerow (he published his scientific work in 
German under that style) did distinguished work on 
the reactions of addition and isomerization of olefins, 
mainly in the 1870’s. Probably his best-known paper 
(Annalen, 189, 44; 1877) is that of 1877 on the 
isomerization and hydration of the diisobutylenes. 
He interpreted the double-bond shift as arising from 
the addition and elimination of water. He pointed 
out that the ready occurrence of such a reversible 
isomeric change would confer on a substance the 
power to undergo chemical reactions in accordance 
sometimes with one and sometimes the other 
structure. The correctness of these ideas was estab- 
lished by subsequent events. In 1883 Baeyer, having 
just previously made a study of the chemistry of 
isatin, suggested that a facile interconversion of 
structures might cause a substance such as isatin to 
exhibit the reactions of more than one structure. 
During 1885-86 Conrad Laar advanced the very 
different view that such structures did not represent 
distinct and potentially separable species, but only 
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made, particularly in the development of machines 
suitable for operation on the smaller building-sites 
and in the study of houses of non-traditional types. 
Later, in April 1950, these research functions, and 
the staffs involved, were transferred to the Depart- 
ment of Scientific and Industrial Research and 
became an additional part of the Building Research 
Station. 

Unfortunately, in 1949, Stradling’s health deterior- 
ated and he relinquished his post at the Ministry of 
Works. On his recovery he was appointed dean of 
the Military College of Science at Shrivenham. He 
was carrying out his new duties with his characteristic 
enthusiasm when death came to him suddenly. 

Stradling was made a C.B. in 1934 and, for his 
services to the Ministry of Home) Security, was 
knighted in 1945. In 1943 he was elected to the 
Royal Society. He was prominent in the affairs of 
the Institution of Civil Engineers and served on the 
Councif and as vice-president. In 1942 he was 
awarded the James Alfred Ewing Medal by the 
Institution. He was also awarded the United States 
Medal for Merit for his war-time work. 

Stradling remained throughout his life a friendly 
and approachable man, with an enthusiasm for his 
work that infected those around him. He married 
Inda, daughter of Alfred W. Pippard, of Yeovil, in 
1918, and there was one son and one daughter of the 
marriage. F. M. Lea 
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end-phases of an intramolecular oscillatory situation 
in a single species. However, in 1896 and afterwards, 
Claisen, Hantzsch, Knorr and Wilhelm Wisliscenus 
achieved the isolation of many of the isomeric sub- 
stances which Laar’s theory treated as incapable of 
separate existence. They were able to observe the 
controlled interconversion of the isolated tautomers. 
This led to the firm establishment of tautomerism as 
a mode of chemical reaction, along the lines of 
Butlerow’s and Baeyer’s ideas. Thus the way was 
prepared for a study of the mechanism of inter- 
conversion of tautomers, which has been the special 
contribution of the present century. Butlerow’s and 
Baeyer’s ideas about tautomerism have nothing to 
do with the theory of mesomerism, which does not 
describe atomic arrangements, but only the electron 
distribution in a single and fixed bonded structure 


of atoms. 
William Davidson of Aberdeen 


THE tercentenary memorial lecture on William 
Davidson of Aberdeen (c. 1593-c. 1669), delivered in 
Marischal College, Aberdeen, by Prof. John Read, on 
November 26, 1948, to mark the three-hundredth 
anniversary of Davidson’s assumption of his duties 
as professor of chemistry in the Jardin du Roi, Paris, 
has now been published as No. 129 of “Aberdeen 
University Studies’ (pp. 32+4 plates; Aberdeen 
University Press, 1951; n.p.) and forms a notable 
addition to this scholarly series. Davidson is remem- 
bered in the history of chemistry for many reasons : 
he was the first professor of chemistry to be appointed 
in France and the third in Europe ; he was the first 
Scotsman and the first native of the British Isles to 
occupy a chair of chemistry ; and he wrote one of 
the early text-books of chemistry, “Philosophia 
Pyrotechnica” (Paris, 1633-35), of the contents of 
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which Prof. Read gives an interesting account. 
Davidson, educated in Aberdeen, where he graduated 
M.A. in 1617, was a third son and decided to migrate ; 
he left for Paris on the completion of his studies and 
gave lectures on medical chemistry until his appoint- 
ment to the Jardin du Roi, now the Jardin des 
Plantes with its famous institute, the Muséum 
National d’Histoire Naturelle ; however, the growing 
religious intolerance in France led to his resignation 
in 1651 and his departure for Warsaw to become first 
physician to John Casimir, King of Poland, whence 
he returned to Paris in 1669, dying shortly afterwards. 


Electrical Research Association: Annual General 
Meeting 
At a luncheon marking the annual general meeting 
of the Electrical Research Association held in London 
on February 22, reference was made to the Associa- 
tion’s appeal to its members for finances in order to 
build new research laboratories at Leatherhead. This 
appeal has two objectives : an increase in the annual 
revenue, and a contribution towards the capital 
building fund. As regards the former, there has been 
a change in the conditions of the block grant made 
to the Association by the Department of Scientific 
and Industrial Research: the maximum possible 
grant is raised from £70,000 to £100,000 a year, but 
to qualify for this latter sum members’ subscriptions 
must be increased to a total of £170,000 a year. At 
present the subscriptions total about £120,000, and 
the Council of the Association recommends that 
contributions during the next three years should be 
increased as follows: 1951-52, £140,000; 1952-53, 
£155,000; 1953-54, £170,000. Adding to these 
the government grant, the respective totals 
for the years will be £210,000, £240,000 and £270,000. 
It is estimated that the building of the new labora- 
tories will cost about £400,000, of which about half 
must be directly raised from members, the remainder 
being available from accumulated reserves and from 
a special government grant. The members are there- 
fore being asked to contribute a sum equal to twice 
their current annual subscription, payment being 
made in a lump sum or spread over the next two or 
three years. Both the annual subscription and the 
capital contribution qualify for deduction as expenses 
in computing the profits or losses of the trade for the 
purpose of income tax. The existing laboratories of 
the Association at Perivale, which were built in 1935, 
are no longer adequate. All the work at present 
being done there will be transferred to the new lab- 
oratories at Leatherhead as soon as the latter are 
ready, except for certain heavy testing facilities for 
which no provision has as yet been made in the new 
buildings, although adequate space exists on the site. 
When, finally, this last section is moved, it is planned 
to dispose of the Perivale premises. There are at 
present twenty-two technical sections in the Associa- 
tion, and the staff employed numbers about three 
hundred. In addition to the fruits of this research, 
members derive the benefit of nearly a thousand 
experts who comprise the technical committees 
which assist and guide the work of the staff. 


African Soils—Sols Africains 

THE Inter-African Information Bureau for Soil 
Conservation and Land Utilization, formed in 1949 
to collect and disseminate information on all aspects 
of soil conservation, has issued the first number of a 
quarterly bulletin African Soils, or Sols Africains (1, 
No. 1, October 1951; 325 francs, or 1,250 francs a- 
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year. Paris 5°: 57 rue Cuvier), which will be the 
organ through which the work of the Bureau is 
presented to the world. The Bureau has the support 
of the Governments of Belgium, Frarice, Portugal, 
South Africa and the United Kingdom. The first 
number of the bulletin contains a foreword by Sir 
Geoffrey Clay describing the aims of the Bureau, four 
general articles on the state of soil conservation in 
different parts of Africa, an article on inter-African 
organizations for soil conservation (mainly the Bureau 
itself) and another on the Fourth International 
Congress of Soil Science. There are also a few 
extracts from published works and a short list of 
books received at the Bureau. The Bulletin is in 
French on the left-hand, and in English on the right- 
hand, pages. It would be an advantage to the reader 
if separate French and English editions could be 
produced. The first number is clearly of an experi- 
mental nature, but there is little doubt that, as the 
requirements of a rather ill-defined audience of 
administrators and field-workers in soil conservation 
become better known, the bulletin will serve a useful 


purpose. 


Automatic Unit for Processing X-Ray Films 

Aw automatic unit for processing X-ray films, the 
first device of its kind to be designed, manufactured 
and offered for sale in Great Britain, has recently been 
put on the market by Messrs. Nucleonic and Radio- 
logical Developments, Ltd., 22 Marshgate Lane, Lon 
don, E.15; such a unit is deserving of attention from 
all who are faced with establishing uniform processing 
conditions for large numbers of X-ray films. During 
processing, the films are mounted on metal frames 
across the top of which is an extension piece. When 
immersed in the developer, the frame is supported 
by these extensions resting on two endless belts, one 
on each side of the unit. The belts are driven by a 
constant-speed motor, and thus the film is conveyed 
through the solution. Transfer from developer to 
fixer, and fixer to the wash tank, is effected by means 
of a pneumatic lift and transfer units, the film being 
moved through each tank on the endless belts. 
Several noteworthy features are incorporated in the 
unit. During the transfer from developer to fixer, 
the film is rinsed by an automatically controlled 
spray. The conveyer belts ensure constant times of 
development, fixation and washing. Accurate control 
of developer temperature is provided for by thermo- 
statically controlled heating and refrigerating coils in 
the water jacket surrounding the developer tank. A 
light lock between the fixer and the final wash tank 
enables the latter tank to be outside the dark room, 
so facilitating early examination of films. The manu- 
facturers state that for X-ray film used in hospitals 
a technique has been evolved for so adjusting the 
developer solution from day to day that its activity 
remains substantially unchanged almost indefinitely. 
Doubtless it would be possible to devise a similar 
technique for other types of film. The peak capacity 
of the unit is 120 frames an hour, each frame carrying 
one or more films depending on their area. Un- 
doubtedly the facilities offered by this automatic 
unit provide an advance in the technique of film 
processing. If the advantages claimed for it in respect 
of uniformity of development, saving in labour and 
materials, and simplicity in action are realized in 
practice, it may well replace the present human 
element of error in dark-room work by a degree of 
precision comparable with that obtained in the 
continuous processing of cinematograph film. 
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United States Army Medical Library 


For all who must attempt to follow modern 
developments in human and veterinary medicine and 
in the branches of science associated with the study 
of disease, the Current List of Medical Literature 
(Washington 25, D.C.: U.S. Govt. Printing Office ; 
9 dollars a year, 11.50 dollars a year foreign), now in 
its twentieth volume, continues to perform a valuable 
service. Issued monthly by the Army Medical 
Library, the purpose of this publication is to extend 
the services of the Army Medica] Library to those 
who cannot use them in person. A recent issue of the 
Current List (20, No. 8; August 1951) contains a 
list, 150 pages long, of articles in a variety of 
journals printed in various , and also a 
subject and author index of them. The titles only of 
the articles are given. The list of journals dealt with 
by the Current List was published a year ago (19, No. 
6; December 1950) and occupies ten pages of small 
type of that issue. The August 1951 issue prints a 
short additional list of journals. The Army Medical 
Library will lend without charge microfilm copies of 
original articles published in medical journals, and 
wili sell microfilms and photoprints to those who 
wish to keep them. The Library will not reproduce 
books protected by copyright, nor complete issues 
of periodicals, unless the written permission of the 
copyright owner has been obtained ; and it will not 
make more than one copy of any item. Requests must 
be made on the official order-form (supplied on appli- 
cation) and requests for loans must come through 
libraries or government or research institutions. The 
cost of microfilms is 50 cents for each fifty pages or 
fraction thereof from a single article. Photoprints 
cost 50 cents for each five pages or fraction 
thereof from a single article. All communications 
must be made to the Superintendent of Documents, 
U.S. Government Printing Office, Washington 
25, D.C. 


Daily Food Intake of Rock Pipits 


At a joint scientific meeting of the British Trust 
for Ornithology and the British Ornithologists’ Union, 
held at the offices of the Zoological Society of London 
on January 22, Mr. John Gibb described the tech- 
niques by which he was able to measure the daily 
intake of food by an individual rock pipit Anthus 
spinoletta on a Cornish beach at Christmas-time. The 
food varied greatly from day to day according to 
what was available : certain foods, such as the winkle 
Littorina neritoides, were always present in great 
abundance, but were only taken when other and 
better foods, such as Idotea spp. and dipterous larve, 
were absent. The rate of defecation by one rock 
pipit varied from about a feces every 1} minutes, 
when mostly Littorina were taken, to about once 
every 2} minutes, when mostly dipterous larve were 
taken. The opercula of the Littorina, and certain 
chitinous parts of the other foods, persisted in the 
feces, and could be counted ; in this way, analysis 
of feces confirmed the results obtained by direct 
observation. No stomach analyses were made. The 
dry weight of food eaten ranged from about 8 gm., 
when few Littorina were eaten, to about 25 gm., when 
many (about eleven thousand) Littorina were eaten, 
per day. Although Littorina neritoides were present 
at densities of up to about fifteen thousand per square 
metre, the rock pipits required to feed for more 
than 90 per cent of the day to obtain sufficient 
nutriment. 
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Frank B. Jewett Fellowships: New Awards 


THE American Telephone and Telegraph Co. has 
awarded Frank B. Jewett fellowships to the fol- 
lowing: Dr. M. Gerstenhaber, a graduate of Yale 
University and the University of Chicago, for research 
in higher mathematics, particularly mapping problems 
in connexion with Riemannian manifolds, at the 
University of Chicago; E. M. Henley, a graduate in 
electrical engineering of the College of the City of 
New York, for the study of new approaches to the 
meson theory of nuclear forces at the Institute for 
Advanced Study, Princeton; Dr. E. T. Onat, a 
graduate of the Technical University of Istanbul, for 
the continuation of research in the Graduate Division 
of Applied Mathematics of Brown University, on a 
second-order theory for the criterion ‘of collapse in 
the plastic range; Dr. H. Helson, a graduate in 
mathematics of Harvard University, for work on the 
classification of the relations between the Wiener 
and Kolmogoroff prediction theory and certain 
questions in analytic function theory, to be under- 
taken at Yale University ; P. N. Schatz, a graduate 
in chemistry of the University of Pennsylvania, for 
research at the California Institute of Technology 
on the determination of the sign of the electric 
dipole moment of hydrogen chloride. These awards, 
which are made on the recommendation of a com- 
mittee of seven from the Bell Telephone Laboratories, 
are designed to stimulate and assist research in the 
fundamental physical sciences by scientific workers 
who have recently received doctorates or are about 
to receive them. The fellowships carry a grant of 
3,000 dollars to the recipient and 1,500 dollars to 
the institution at which the research is done. 


Standardization of Blood Transfusion Equipment 


An international conference of medical afd other 
authorities concerned with blood transfusion is 
meeting in London during March 3-5, with the 
object of seeking the international standardization 
of blood transfusion equipment. Hitherto most 
nations have tended to develop their own techniques, 
with the result that differences in the equipment 
used have prevented blood supplies from one country 
being quickly and easily used in another. The 
meeting is being arranged under the auspices of the 
International Organization for Standardization, and 
will be held at the British Standards Institution, 
Victotia Street, London, S.W.1. Twenty nations— 
principally European, together with the United 
States and several Empire countries—are sending 
delegates, while observers have been invited from the 
League of Red Cross Societies, the International 
Blood Transfusion Society, the Permanent Inter- 
national Commission for the Study of Medical Equip- 
ment and the World Health Organization. The chair 
will be taken by Sir Alan Drury, director of the 
Lister Institute. 


Physical Society’s Annual Exhibition 


In connexion with the Physical Society’s forth- 
coming annual Exhibition of Instruments and 
Apparatus, to be held during April 3-8 (excluding 
Sunday) at the Imperial College of Science and 
Technology, South Kensington, London, 8.W.7 (see 
Nature, January 19, p. 97), the following discourses 
will be delivered : April 4, at 6.45 p.m., “Engineering 
Supersonic Aerodynamics’, by Mr. B. N. Wallis 
(Vickers-Armstrongs, Ltd.) ; April 7, at 6.45 p.m., 
“The Physical Basis of Colour Photography”’, by 
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Mr. E. R. Davies (Kodak, Ltd.). Further details of 
the Exhibition can be obtained from the Physical 
Society, 1 Lowther Gardens, Prince Consort Road, 
London, S.W.7. 


Physical Society : Spring Meeting at Bristol 

THE spring meeting of the Physical Society will be 
held at the H. H. Wills Physical Laboratory, Royal 
Fort, Bristol 8, during March 24 and 25. The 
meeting, which will be divided into three sessions, 
will be on the “Deformation Markings on Crystals 
and their Relation to the Mechanism of Slip’’. Papers 
from the following universities and research estab- 
lishments will be presented at this meeting : Univer- 
sity of Bristol; University of Birmingham; Aero- 
nautical Research Laboratory, Melbourne; University 
of Sheffield; University of Edinburgh; Atomic 
Energy Research Establishment ; and University of 
Chicago. Visitors wishing to attend this meeting 
should apply to the offices of the Physical Society, 
1 Lowther Gardens, Prince Consort Road, London, 
S.W.7, for further particulars. 


Colonial Service: Recent Appointments 

TuE following appointments have recently been 
made in the Colonial Service: W. J. M. Irving 
(assistant director of agriculture, Uganda), deputy 
director of agriculture, Uganda; W. A. Gordon 
(assistant conservator of forests, Cyprus), conservator 
of forests, British Guiana; C. B. Bissett (deputy 
director, Geological Survey, Uganda), director, 
Geological Survey, Tanganyika; C. B. Brown 
(scientific assistant, Department of Agriculture, 
Trinidad), soil survey officer, Department of Agri- 
culture, Trinidad ; L. E. Honore (senior statistician, 
Mauritius), assistant director of statistics, Mauritius ; 
F. Durocher Yvon (agricultural officer, Seychelles), 
director of agriculture, Seychelles ; N. R. Brocking- 
ton, ecologist, Northern Rhodesia; P. Brown, 
agricultural officer, Nyasaland; E. W. Findlay, 
agricultural officer, Nigeria; J. E. Y. Hardcastle, 
botanist, Nigeria; Miss E. Harrison, botanist, 
Nigeria ; N. W. Smyth, agricultural officer, Sarawak ; 
W. Barber, geologist, Nigeria ; J. L. Early, veterinary 
officer, Nyasaland ; G. B. Symons, veterinary officer, 
Uganda; Miss J. A. K. Abel, statistical officer, Gold 
Coast; G. F. Bamford, assistant conservator of 
forests, Sierra Leone; L. C. Chapas, assistant 
statistician, Nigeria; J. G. Devitt, assistant con- 
servator of forests, Northern Rhodesia ; P. Grainger, 
‘laboratory superintendent, Virus Research Institute, 
Lagos, Nigeria; J. M. Hotson, soil survey officer, 
Gold Coast ; R. F. Montgomery, soil scientist, Nigeria ; 
D. R. Walker, meteorological officer, Nyasaland ; 
I. Watson, statistician, Department of Agriculture, 
Federation of Malaya. 


University of Sheffield 


THE following appointments have recently been 
made in the University of Sheffield: R. Shepherd, 
senior lecturer in the Postgraduate School of Mining ; 
Dr. E. O. Hall, lecturer in physics ; Dr. B. A. Bilby, 
honorary lecturer in physical metallurgy. A separate 
Department of Microbiology has been established in 
the University, and Dr. S. R. Elsden, senior lecturer 
in microbiology, will be in charge, with effect from 
October 1 next. 


The Night Sky in March 


FuLt moon occurs on March 11d. 18h. 14m., v.r., 
and new moon on March 25d. 20h. 12m. The fol- 
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lowing conjunctions with the moon take place: 
March 13d. 17h., Saturn 7° N.; March 16d. 08h., 
Mars 7° N.; March 24d. 02h., Venus 2° S.; March 
26d. 03h., Mercury 0-7° S.; and March 27d. 05h., 
Jupiter 6° S. Mercury is an evening star, setting at 
18h. 10m. on March 1 and at 19h. 45m. on March 15 
and 31, and is stationary on March 26. Venus is a 
morning star, rising a little hefore 6h. until about the 
middle of the month, and at 5h. 15m. at the end of 
the month ; its stellar magnitude is —3-3, and the 
visible portion of the illuminated disk varies between 
0-87 and 0-93. Mars rises at 23h. 35m., 22h. 55m. 
and 2lh. 55m. on March 1, 15 and 31, respectively, 
and towards the end of the month it lies nearly in a 
line between a and y Libre. Jupiter sets at 20h. 50m. 
and 20h. 15m. on March 1 and 15, respectively, but 
after this it draws too close to the sun for favourable 
observation and at the end of the month sets only 
an hour after the sun. Saturn rises at 20h. 35m. and 
18h. 25m. on March 1 and 31 respectively, and is 
visible throughout the night and morning hours, 
lying a little north of @ Virginis throughout the 
month. Occultations of stars brighter than magnitude 
6 are as follows, observations being made at Green- 
wich : March 4d. 18h. 59-5m., 136 Taur. (D) ; March 
29d. 20h. 30-8m., g Taur. (D). D refers to dis- 
appearance. Vernal equinox occurs on March 20d. 16h. 
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Announcements 

A conGREss of the International Diabetes Federa- 
tion will be held at Leyden during the second week 
of July. Further information can be obtained from 
Dr. R, D. Lawrence, 149 Harley Street, London, W.1. 


THE second symposium on chemical-biological 
correlation, sponsored by the Chemical-—Biological 
Coordination Center, National Research Council, wil! 
be held during October 24-25 in the auditorium of 
the United States National Academy of Sciences, 
2101 Constitution Avenue, Washington, D.C. The 
subject will be the ‘““Mechanism of Drug Action and 
Drug Resistance’. Further details can be obtained 
from the Center at 2101 Constitution Avenue, 
Washington, D.C. 

TxE Chemical, Metallurgical and Mining Society of 
South Africa, in co-operation with the Diamond 
Research Laboratory, is arranging a symposium on 
diamond drilling, to be held in Johannesburg during 
April 21-23. Following the technical sessions, visits 
will be arranged to the gold and diamond mines of 
South Africa and the copper properties of Northern 
Rhodesia. Further details can be obtained from the 
Diamond Research Laboratory, P.O. Box 916, 
Johannesburg. 


Pror. R. D. PassEy, head of the Department of 
Experimental Pathology and Cancer Research, 
University of Leeds, has received the following letter 
from the Trustees of the Anna Fuller Fund of New 
Haven, Connecticut: “The Trustees of The Anna 
Fuller Fund, at their meeting February 8th, 1952, on 
their own motion, voted a gift to the amount of One 
Hundred Pounds to the University of Leeds, in 
memory of King George VI. The Trustees specifically 
provided that this gift needs no acknowledgement or 
special accounting, but may simply be used, in whole 
or in part, at any time or from time to time, for any 
purpose having to do with cancer research in your 
complete and unfettered discretion”. It is proposed 
that the money should be devoted towards the cost 
of the electron microscope recently installed in the 
Department. 
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STRUCTURE OF SYNTHETIC POLYPEPTIDES 
By Dr. C. H. BAMFORD, L. BROWN, Dr. A. ELLIOTT, W. E. HANBY and I. F. TROTTER 


Research Laboratories, Courtaulds, Ltd., Maidenhead and Coventry 


AULING and Corey’ have recently proposed that 

in the a-form of synthetic polypeptides*”* the 
chains have a helical configuration, in which there 
are approximately 3-6 amino-acid residues per turn, 
and they showed that the data of Bamford, Hanby 
and Happey* on poly-y-methyl-L-glutamate were 
consistent with a hexagonal unit cell witha ~11-95 A., 
¢ ~27:5A. They also showed that the equatorial 
intensities could be roughly accounted for by one 
helix per unit cell. By using a cylindrical camera, 
and tilting the specimen’, Perutz‘ observed a merid- 
ional reflexion of 1-5 A. in pcly-y-benzyl-L-glutamate, 
and attributed this to the periodic structure of the 
Pauling-Corey helix, in which the amino-acid residues 
occur at this interval along the fibre axis. In a recent 
communication, Cochran and Crick describe a method 
whereby the intensities of layer lines in the X-ray 
diagram of a helical chain may be calculated, and it 
appeared to us that a summary of the experimental 
results so far obtained would be of interest. We 
describe below evidence, based on X-fay intensities, 
in favour of the helical chain configuration in syn- 
thetic polypeptides, but also direct attention to the 
experimental data, which at present are not readily 
explained in terms of the helix. 

Since the publication of earlier work from these 
laboratories”, further polypeptides have been pre- 
pared, in particular a better sample of the a-form of 
poly-y-methyl-L-glutamate. By taking photographs 
of oriented preparations with the axis of orientation 
at various angles to the X-ray beam, and by using a 
vacuum camera and crystal-monochromatized radia- 
tion, considerably more data have been obtained 
than could be deduced from our original photographs. 
We have found a meridional reflexion at 1-47—1-50 A. 
in all the a-type synthetic polypeptides we have 
examined. These include copolymers and poly- 
peptides made from DL-amino-acids. 

The reflexions obtained from the methyl ester can 
be indexed on a hexagonal cell with a = 11-95A., 
and c = 27-0A. (see table). This cell will account 
for twenty-eight of the thirty-two reflexions observed, 
and also for two additional unresolved near-meridional 
streaks. The four remaining reflexions may possibly 
refer to another phase. The calculated and observed 
spacings agree to better than 1 per cent and the 
observed layer lines have 1 values of 2, 3, 5, 8, 10, 
13, 18, 23, 26 and 28. Comparison of the experi- 
mental data for the methyl ester with the calculations® 
for the 18-residue, 5-turn helix (18/5) show that, 
first, in no case does a layer line appear when the 
lowest order (n) of the contributing Bessel functions 
(Jn) is 5 or greater; secondly, after the fifth layer 
line, no layer line appears when n is 3 or greater ; 
thirdly, all layer lines involving Jo, J, and J, appear 
up to, and including, the twenty-eighth ; and fourthly, 
1012 is not observed, a result which can be correlated 
with the lowest order of the contributing Bessel 
functions. These predictions are easily extended to 
other possible helical structures. All helices with 
about 3-6 residues per turn give the same intensity 
distribution, layer lines with J less than 5 having about 
the same spacings as those predicted for the 18/5 
helix. The assignment to a particular helix depends 
critically on the exact values for the lowest observed 





layer lines and becomes increasingly difficult the 
longer the unit cell. 

The relative intensities of the equatorial reflexions 
have been measured down to a spacing of 1-98 A. 
The value of F’ (1010) is so large compared to the 
amplitudes of the other hik0 reflexions that there 
can be only one chain per unit cell, and this chain 
must have .a high concentration of electron density 
at or near the centre. (We are grateful to Dr. M. F. 
Perutz for directing our attention to this point.) 
With any such chain model, the observed structure 
amplitudes, when plotted against 1/d, should fall on 
a smooth curve. The plot of observed amplitudes in 
Fig. 1 shows that a smooth curve can be obtained 
with the first three amplitudes + and theremainder —. 


X-RAY DIAGRAM OF a-FORM OF POLY-y-METHYL-L-GLUTAMATE 
HEXAGONAL CELL, a = 11°95 A., c = 27-0 A. 





























| l d, (A.) de (A.) hikl I, n 
ee | 10-34 10-36 1010 tee 
| 5-98 5-98 1120 mI 
5-18 5-18 2020 v.w. 
| 3-89 3°91 | 2130 | m. 
| | 3-44 3-45 | 8030 | w. 
| 8-00 2-99 2240 v.W. 
2:88 | 2°88 3140 v.w. 
2-60 2-60 4040 | V.v.w. | 
| 230 | 239 | 3250 vv. | 
| 225 | 226 | 4150 | vw. | 
2-06 2-07 5050 V.v.w 
| 1-98 1-99 3360 V.V.W. | 
1 | None a eo 
2 | 5-49 5-47 | 1122 | vw. | 4 
| 4-86 484 | 2022 | vw. 
3 | 6°72 680 | 1018 | v.v.w. | s 
4-96 4-98 1123 V.v.w. 
| $22 3°22 3033 v.v.W. 
4 | None } i 8 
5 | 4°77 4-79 | 1015 m. 1 
4-00 401 | 1135 m. 
| 3-73 3-74 | 2085 v.v.w. | 
6 | None 6 
7 | ‘None / | 5 
| 8 j 3-17 3-21 1018 V.V.w. 2 
| 2-94 | 294 | 1188 | v.V.w. 
| 2-80 283 | 2088 | v.v.w. 
| 254 | 256 | 2188 V.V.w. 
es None | i | 9 
10 Near meridional streak (w.) 2 
11 | None | | 5 
12 | None | 6 
13 | Near meridional streak (v.v.w.) | cam. 
l 5. gay 2 ef l | 8 
er ‘None | 3 
16 | None } Foe 
17 | None | 7 
18 | 1°50 1-50 00018 | am. 0 
19 None | | 7 
20 | None | | 4 
21 None | | 3 
22 None ne | 8 
23 1°15 1-152 or 11223 vw. | 1 
1-145 20223 | } 
24 None | | } b-+@ 
25 | None | Paola: | § 
26 1-01 1-018 or 20226 | V.V.W. 2 
| 1-004 21326 | 
27 | None ao Pas. 
23 | 0-95 | 0-951 ,, 11228 | vvw. | 2 
0-948 = 20228 —| | 
dy, d@ observed; de, d calculated; J,, I observed—uncorrected; 


n, lowest order of contributing Bessel functions. 
Other reflexions : sar Ran diff. close to 2nd layer line. 
4°33 v.w. diff. meridional arc. 
3-3 v.w. diff. close to 4th layer line. 
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Fig. 2 shows a radial section through the Fourier 
projection on the basal plane, calculated with the dis- 
tribution of signs of Fig. 1, after having applied an 
artificial temperature factor to the observed F’s in 
order to eliminate spurious diffraction effects. The 
curve is that to be expected for a helical chain, and the 
diameter of the annular maximum agrees with that 
calculated for the a-helix. It should be noted, how- 
ever, that the number of reflexions available for these 
calculations is comparatively limited, and that at least 
two other sign combinations are possible. These, how- 
ever, appear to be incompatible with the «-helix. 
Unequivocal indexing of poly-y-benzyl-L-glutamate 
has not yet been carried out, but the main features 
of the photograph fit the 18/5 helix, the observed 
layer lines being the same as for the methyl ester. 
(This is not the helix originally suggested by Pauling 
and Corey’ for the benzyl ester; their structure, an 
11/3 helix, is not compatible with some features of 
the X-ray diagram*.) One diffuse meridional streak 
at 10-6 A. is as yet unexplained. The photographs 
of oriented specimens of co-polymers are very similar, 
showing @ near meridional arc on a layer line at 
5-3-65-4 A. and a meridional are at 1-47 A. The other 
features of the photographs are diffuse streaks at 
about the same spacings as in the benzyl ester. This 
strongly suggests a helical structure of close to 3-6 
residues per turn, the true repeat being either 26-5 A. 
or greater than 40A. The side-chains of the co- 
polymers and pi-polypeptides would not be expected 
to contribute to discrete reflexions, the observed reflex- 
ions being largely due to roughly parallel main chains. 
The foregoing evidence provides strong support for 
the 18/5 helix; but some observations, not easily 
reconcilable with this structure, must be recorded. 
In the first place, the density calculated from the 
X-ray data of poly-y-methyl-t-glutamate is 1-283, 
the observed value being 1-31. The measured density 
of polymers is usually 5-10 per cent lower than that 
calculated from the unit cell*. The amorphous phase 
certainly contains some f$ material, but since the 
measured density of the $-form of this polymer is 
only 1-32, its presence could scarcely account for 
this discrepancy. The presence of some water in the 
crystalline regions cannot be excluded, though, in 
general, penetrants enter the amorphous rather than 
the crystalline regions. Secondly, the observed infra- 
red dichroism for the NH and C=O stretching 
modes” suggests that the transition moment of the 
C=O frequency makes an appreciably greater angle 
with the chain axis than does the N—H frequency. 
If the directions of the transition moments for these 
two vibrations lie near the directions of the NH and 
CO bonds, then this is not the result to be expected 
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of poly-y-methyl-L-glutamate 


for the Pauling—Corey «-helix, ‘in which the NH and 
CO bonds are almost collinear and make only a smal! 
angle with the axis of the helix. The discrepancy 
cannot be accounted for by incomplete orientation of 
the sample ; and if the a-helix is correct the anomalous 
dichroic ratios could only arise from a suitable 
difference in the appropriate extinction coefficients 
in the crystalline and amorphous regions, or from 
the fact that the transition moment of the CO group 
does not lie along the CO bond, or by an unresolved 
multiplicity in either the NH or CO bands. It may 
be noted that, in acetanilide, we have found that the 
direction of the C=O transition moment is in fairly 
good agreement with C =O bond direction determined 
by X-ray analysis (private communication from Dr. 
C. J. Brown). The difference in dichroism .of the 
C=O and N—H bands observed in the fundamental 
region is also observed in the overtone region, not 
only in a synthetic polypeptide but also in a single 
erystal of gramicidin S’, where there can be no 
question of different extinction coefficients in amor- 
phous and crystalline regions. If the infra-red results 
can be given a literal interpretation, then they can 
only be reconciled with a helical structure involving 
an amino-acid residue separation of 1-5 A. if the 
peptide residues are allowed to be non-planar. Such 
a structure can be built with 3-6 residues per turn. 
It contains eleven atoms in each hydrogen-bonded 
ring, and is therefcre similar to the 4,, chain of 
Bragg, Kendrew and Perutz*, from which it may 
be derived by a suitable axial twist. The X-ray 
form factor for equatorial reflexions is similar 
to that of the a-helix, and the structure would also 
give rise to a similar distribution of layer line 
intensities. 

We wish to express our appreciation of the assist- 
ance given by Dr. M. F. Perutz, whose discovery of 
the 1-5-A. meridian reflexion in poly-y-benzyl-1- 
glutamate was the starting point for much of this 
work. (Jan. 23. 


1 Pau iy and Corey, R. B., Proc. U.S. Nat. Acad. Sci., 37, 241 


“19 
*(a) Ambrose, E. ds and Hanby, W. E., Nature, 163, 483 (1949). 


(6) Bamford, i ae Hanby, W. E., and Pay" F., Proc. Roy. 
Soc., A, 7 30 (1951). ic) Ambrose, E. J., and Elliott, A., Proc. 
Roy. — , 205, 48 (195 


* Bunn, C. pent in Caliets Science’, 2, sae fod. Mark and 
WwW hhitby Interscience Publishers, Inc., New ¥: rk). 

‘ Perutz, M. F., Nature, 167, 1053 (1951). 

5 Cochran, W., and Crick, F. H. C., [Nature, 169, 234 (1952)). 

* Bamford, C. H., and Hanby, W. E., Nature, 168, 341 (1951). 

? Abbott, N. B., and Ambrose, E. J. (to be published). 
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EFFECT OF TRICHODERMA 
METABOLITES ON GROWTH OF 
COTTON PLANTS 


By Pror. M. A. MOSTAFA and S. K. GAYED 
Fouad | University, Cairo 


No. 4296 


URING studies on the biological control of 

Fusarium-wilt disease of cotton in Egypt, by 
the application of T'richoderma viride to the con- 
taminated soil, the possible effect of the latter fungus 
on the host—parasite relationship has been tested by 
the two following methods: (a) growth of cotton 
plants in 7'richoderma-inoculated soil ; this has been 
carried out under different manurial treatments of 
soil; (6) the growth responses, of cotton cut shoots or 
seedlings, to T'richoderma metabolites. Although 
much work has been done on the effect of Trichoderma 
in controlling many soil-borne fungal pathogens, yet 
little has been achieved in relation to the growth 
responses Of the higher plants themselves. 

For testing the growth responses of cotton plants 
to Trichoderma in the soil, under different manurial 
treatments, the following experiment has _ been 
carried out. Manured sandy soil—contained in small 
aluminium pots—was sterilized three consecutive 
times. Three sets of pots, twelve each, were pre- 
pared ; the first contained soil mixture with sodium 
nitrate, the second with ammonium nitrate, and the 
third with ‘Baladi’ manure (that is, mixture of bird 
and animal feces). The inorganic manures were 
applied at the rate of 0-7 gm. per 6-5 Ib. of soil, and 
the ‘Baladi’ manure at the rate of 100 gm. to the 
same amount of soil. Each one of these three sets 
was further subdivided into two series: one series 
was inoculated with Trichoderma viride alone, and 
the other was left without inoculation to serve as 
control. After one-week incubation at 25° C., each 
pot received six delinted sterilized ‘Giza 26’ cotton 
seeds. The plants were uprooted after forty days, 
and their percentage increases in fresh and dry 
weights— compared on the inoculated and ‘non- 
inoculated’ soils—were determined (Table 1). 

Trichoderma was found to be beneficial to ‘Giza 26’ 
cotton plants in two ways: (1) the number of seed- 


Table 1, The growth responses of ‘Giza 26’ cotton plants—com: 
on sterilized and on (Tri -inoculated) manured 
expressed by percentage increases in fresh and dry weights 


! 
| 














. Soil manured with : 
Type of soil | Criteria for Ammon- 
} growth Sodium; ium _ , ‘Baladi’ 
nitrate | nitrate | manure 
Mean fresh weight 
(in mgm.) 1,580 1,320 1,430 
Mean dry weight 
Uninoculated (in =e) 260 170 150 
soil own 
- seeds 36 36 36 
| No. of Raised 
seedlings 27 25 26 
Mean (in 
Fresh mgm.) 1,770 1,720 1,670 
weight Per cent 
‘ increase 12 30 17 
Trichoderma- Mean (in 
inoculated | Dry mgm.) 290 220 220 
| soil weight Per cent 
| increase 11 29 47 
| | 1 
_ se 36 36 36 
No. of | Raised 
| seedlings 36 33 36 
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Table 2. Time required for cotton cut shoots or seedlings to show 
complete wilting, compared in different treatments of go 
and Fusarium filtrates 




















| 
| Hours required for complete | 
Medium Treatment ting of : 
| | Cutshoots | Seedlings 
Trichoderma | Unheated | 13 65 
filtrate | Boiled | 14 65 
Fusarium | Unheated | 21 | 50 
filtrate | Boiled 26 65 
Glucose tone | 
liquids | Autoclaved Healthy* Healthy* 
Water | Autoclaved | Healthy* Healthy* 





* Remains healthy for at least five days. 


lings raised is comparatively higher in Trichoderma- 
inoculated soil; (2) cotton seedlings were found to 
flourish much better in Trichoderma-inoculated soil. 
There is, however, a considerable increase in dry 
weight of cotton seedlings in the case of ‘Baladi’ 
manure compared with the other two inorganic 
manures; this may be attributed to the greater 
utilization of the complex organic nitrogen 
manure—by the higher plant—in presence of Tricho- 
derma. 

With regard to the growth responses of cotton cut 
shoots or seedlings to Trichoderma metabolites, 
filtrates were obtained by growing the fungus on 
glucose—peptone liquid for ten days at 25° C. The 
mycelial mats were then filtered off, and the filtrate 
was divided into two portions: one portion was 
boiled for ten minutes, and the other portion was 
left unheated. The same treatment was applied with 
filtrates obtained from the specific cotton-wilt 
pathogen (namely, Fusarium vasinfectum) for com- 
parison. Accordingly, the following media were 
prepared: (a) unheated Trichoderma filtrate; (b) 
unheated Fusarium filtrate ; (c) boiled Trichoderma 
filtrate ; (d) boiled Fusarium filtrate; (e) glucose— 
peptone liquid ; (f) water. The last two media served 
as control. Thirty-day-old cut shoots or ten-day- 
old seedlings, of the susceptible cotton variety 
‘Giza 26’, were inserted into the above media at 








fu Tu W 


Responses of (A) cotton seedlings, and (B) cotton cut shoots, to 


Tb Fb 


the following treatments 


: Fu, unheated Fusarium filtrate; Tu, 
unheated ti . boiled Fusarium 


rate; W, water; Fb, 
filtrate ; 7b, boiled Trichoderma filtrate 
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about 28° C., and were observed continuously for the 
achievement of complete wilting (Table 2 and 
accompanying illustration). 

The results can be summarized as follows. Cotton 
wilting—in culture—is not only stimulated by the 
metabolites of Fusarium, but it may be similarly 
induced by those of a non-specific saprophytic fungus 
(that is, Trichoderma). In the case of cotton cut 
shoots, the wilting is even more rapid in Trichoderma 
than in Fusarium filtrate. The intervention of 
roots—in cotton seedlings—may be responsible for 
the prolongation of the time required to achieve 
complete wilting. The metabolites, of both 
Fusarium and Trichoderma, are found to be 
thermostable. 

This work emphasizes the importance, in such 
studies of biological control, of considering the 
relationship between the host plant and the fungal 
associate responsible for such a biological control. 
The study of the different aspects of such a relation- 
ship elucidates to a great extent the possible role of 
the fungal associate in influencing the resultant 
balance between the host plant and the specific 
fungal pathogen. 


MECHANISM OF ENZYME ACTION 
By Dr. S. J. LEACH and Dr. H. LINDLEY 


Biochemistry Unit, Wool Textile Research 
Laboratories, Commonwealth Scientific and Industrial 
Research Organization, Melbourne 


INCE the original suggesticn by Szent-Gyérgyi' 

that proteins may exhibit properties of semi- 
conductors, much evidence has accumulated to 
support this hypothesis. Evans and Gergely* have 
collected most of the salient points of evidence, and 
have also provided theoretical justification for the 
suggestion by showing that a system of hydrogen- 
bonded peptide links should show banded energy- 
levels associated with the z-electrons and should 
behave as a conductor on suitable excitation. It is an 
obvious extension from this to consider an enzymic 
protein as a large assembly which promotes §inter- 
action between two reactants by virtue of conduction 
pathways. On such a basis an important aspect of 
enzymic specificity may be the matching of the 
energy-levels of substrate and enzyme*. Geissman* 
has recently considered these ideas in some detail for 
a number of enzyme systems. 

While we consider this general hypothesis is 
extremely attractive and explains many aspects of 
enzyme behaviour, we feel that it is deficient in that 
it does not explain why enzyme activity is not a 
property of all proteins. Recent suggestions on 
protein structure by Pauling, Corey and Branson‘ 
emphasize the current view that hydrogen-bonding 
plays an important part in the architecture of 
proteins generally. Moreover, there is evidence from 


infra-red studies that the degree of hydrogen-bonding 
of the —_NH residues of pepsin is greater in the 
denatured (inactive) form than in the native (active) 
state’. It is apparent, therefore, that something more 
than the existence of a strongly hydrogen-bonded 
system of peptide links is necessary in order to 
confer enzymic properties on a protein molecule. It 
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is also obvious that the most likely source of 
such properties lies in the order and arrangement 
of the amino-acid side-chains of the enzyme 
molecule. 

One of the great merits of the hypothesis of enzyme 
action outlined above is that it provides a general 
mechanism for all types of enzyme reaction, and 
hence it is possible that all enzymes may exhibit 
similar regularities in the arrangement and character 
of some of their side-chain residues. Such regularitics, 
if they exist, might be associated particularly with 
the amino-acid side-chains which are capable of 
forming hydrogen-bonds and thus building up inter- 
chain networks of electron pathways. Examples of 
such side-chains are those of the dicarboxylic acids 
and their amides, the hydroxy acids including 
tyrosine, cysteine, tryptophane and histidine. We 
have accordingly examined published data on the 
amino-acid composition of enzymes and non-enzymic 
proteins, and the accompanying table lists three 
regularities we have discovered. 

Although no single one of these relationships is 
entirely characteristic of enzymes, avidin and 
possibly y-globulin are the only two examples of 
non-enzymic proteins (out of a total of twenty-three) 
which give values for all three relaticaships similar 
RATIOS OF COMBINATIONS OF THOSE AMINO-ACIDS IN ENZYMES AND 


OTHER PROTEINS WHICH ARE LIKELY TO BE CONCERNED IN THE 
FORMATION OF HYDROGEN-BONDS 
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Ratio of Ratio of Ratio of 
Aspartic Dicarboxylic | Dicarboxylic 
acid + acids + acids + amides 
asparagine amides +tyrosine | 
| Protein to | 
| Glutamic Serine + Hydroxy acids 
acid + threonine +histidine + | 
| glutamine tryptophane + | 
cysteine 
Enzymic proteins 
| Pepsin (ref. 6) 1°5 1-0 i 
Chymotrypsinogen 1-4 0°71 0-64 
(ref. 6) | 
Ribonuclease (ref. 6) 1°2 1-0 1-1 
Triosephosphate de- 
hydrogenase (ref. 6) 2-9 1-0 0°86 
Lysozyme gn 7, 8) 3°2 (4-7) 1-0 (1-5) 1:1 (0°83) ) 
Aldolase (ref. 6 0-94 1-2 1-1 
Hemoglobin (horse) 1°3 1°5 10 
| _ (ref. 6) 
| Trypsin (ref. 9) 17 0-8 —_— 
Mould protease 1- 1°3 
(refs. 9, 10) ‘ 
Non-enzymic proteins 
Insulin (ref. 6) 0-40 26 2-5 
Edestin (ref. 6) 0-64 2°5 22 
8-Lactoglobulin (ref. 6) 0-58 2-9 2-3 
Myoglobin (horse) 0-53 2-2 1°3 
(ref. 6) 
Myosin (ref. 6) 0-45 2-6 2°5 
| Tropomyosin (ref. 6) 0°30 4°3 4°5 
| Albumin (human) 0-66 2°5 2-1 
| (ref. 6) 
| Gelatin (ref. 6) 0°58 2-4 2-3 
Zein (ref. 6) 0-19 2°3 0-5 
Gliadin (ref. 6) 0-03 5-0 4°3 
Casein (ref. 11) 0°35 2-0 19 
Serum albumin 
(bovine) (ref. 12) 0°73 2-2 1-9 
Human plasma muco- 
protein (ref. 13) 0°77 2-0 1°8 
Lactogenic hormone 0-91 1°8 1°5 
(ref. 14) 
Ovalbumin (ref. 6) 0-62 1°6 1°4 
Silk (ref. 6) 1°4 0-25 6-2 
Wool (ref. 6) 0°52 10 1-0 
Cl. botulinis toxin 
type A (ref. 6 1-4 2°3 2°5 
— (ref. 6) 10 acy 1-4 
y-Globulin (ref. 6 0-82 0°81 0°85 
Conalbumin (ref. 8) 4-7 1°5 1°5 
Ovomucoid (ref. 8) 2-2 1-65 1°6 | 
Avidin (ref. 8) 1-62 0-9 0°75 | 
Approx Approx. 
Ratios apparently >1 = ! 
characterizing (Range 0-94—| (Range 0-7- “i 6- 
enzymes 4-7) 1-5) 
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Possible mode of hydrogen-bonding between serine and asparagine 
residues in adjacent polypeptide chains in (a) the keto form and 
(b) the extreme enol form. P = protein chain 


to those which characterize the enzymic proteins. 
While more analyses, especially of enzyme proteins, 
are desirable before any final conclusions are drawn, 
we consider that the range of enzyme types covered 
by existing analyses is sufficiently broad to warrant 
an attempt to interpret the results. We regard these 
ratios as implying the existence in enzymic molecules 
of frequent interchain hydrogen-bonds, probably 
largely of the carboxyl-hydroxyl type, which reinforce 
the intra-chain hydrogen-bonding of peptide links to 
form a highly resonating network over which electron 
flow can occur. We think it is significant that, for 
many of the side-chains we have considered, it is 
possible to envisage hydrogen-bonding not only 
between the side-chains but also simultaneously 
between each side-chain and an adjacent peptide 
bond. An example of such a system involving 
residues of asparagine and serine is shown in the 
accompanying formule. The side-chain of glutamic 
acid with its additional CH, group does not lend 
itself so readily to such a configuration, and this may 
explain the preponderance of aspartic acid in enzyme 
ee shown in the first relationship in the 
ble. 
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We hope to publish a fuller account of these and 
other implications in the near future. [Aug. 15. 
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EFFECT OF THE ANNULAR 
ECLIPSE OF MARCH 7, 1951, ON 
RADIO-WAVE PROPAGATION* 


URING the annular eclipse on March 7, 1951, 
observations were made at Quartz Hill, Welling- 
ton, N.Z., to ascertain the effect of the eclipse on 
radio-wave propagation. The eclipse occurred at 
Quartz Hill at 1907 G.m.T., which was too soon after 
sunrise to obtain satisfactory discrimination of some 
of the effects, and this difficulty in discrimination 
was increased by the occurrence of a magnetic storm 
of moderate intensity which commenced on March 7, 
and lasted intermittently until March 14. 

As was expected, medium-wave signal strengths 
increased to near night-time values and short-wave 
signals faded out as the umbra crossed the trans- 
mission paths. Along the line of the eclipse, observa- 
tions were made of signals from the B.B.C. station 
GSD, 11-75 Mc./s., beamed on a London azimuth of 
260°. On March 7, this station was not heard until 
1940 G.m.T., but its signal strength then rose steadily 
to 1945 a.m.T., when it remained at a steady value 
some 20 db. below that received on the preceding 
days. The low signal strength and the fact that the 
station was not heard prior to 1940 a.m.T. may have 
been partially due to effects of the magnetic storm 
in northern latitudes. It was of interest that the 
fading characteristic of the station during the eclipse 
was identical with that obtained when the trans- 
mission path is in darkness. 

Short-wave observations across the path of the 
eclipse were confined to the signals from station 
WWVH (10 Mc./s.) at Hawaii. The strength of 
signal from this station decreased at 1847 G.M.T., 
faded out at 1902 and returned suddenly at 1936 
and then increased steadily to reach its usual strength 
at 1945 G.M.T. 

Noise on the lower short-wave frequencies, 1-4— 
6 Mc./s., was higher, and noise on 30 Mc./s. was 
lower during the period of the eclipse as compared 
with the same period on the control days. The 
normal increase in noise on 30 Mc./s. following sun- 
rise occurred some 90 min. later on the day of the 
eclipse, and a sudden drop of 4 db. in this noise 
occurred at 1920 a.m.r. some 13 min. after the 


* Substance of a paper at the New Zealand Geophysical Conference 


Pa fl. Martin, N.Z.B.S. Receiving Station, Quartz Hill, Wellington, 
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maximum phase of the optical eclipse: this may 
have been due to asymmetry of noise sources on the 
solar disk. From 1920 until 1932 G.m.r., no signals 
were audible on antenne bearing 082° directed 
towards the station GSD except sharp pips of high- 
intensity noise covering a frequency range 9-5- 
11-1 Mc./s. These noise ‘pips’ reached a maximum 
in both intensity and frequency of occurrence at 
1925 G.M.T., and were characteristic of the noise 
usually associated with sunspots and normally only 
heard on much higher frequencies. Reception of this 
type of noise on frequencies so low as 9-5 Mc./s. 
therefore indicates a substantial drop in oblique- 
incidence critical frequency coinciding with the time 
of maximum phase of the eclipse over that portion 
of the ionosphere. This does not explain why this 
noise should have cut off sharply at the upper 
terminal frequency of 11-1 Mc./s., unless it was 
radiated on a limited spectrum, as appears to be the 
case with the large bursts of noise associated with 
solar flares. 

The results obtained from these observations con- 
firm those of previous observers in that they show 
that ultra-violet radiation from the sun is the main 
cause of atmospheric ionization, and that when 
this radiation is intercepted by the moon, the density 
of ionization and the critical frequencies of the 
ionized layers decrease. The results of the observa- 
tions of noise are of interest, though not conclusive, 
and indicate that this aspect of the effects of an 
eclipse should receive greater attention when the 
opportunity-again arises. 


PAUL EHRLICH 


N December 5, 1951, the New York Academy 
of Medicine celebrated the deposition at the 
Academy of memorabilia of Paul Ehrlich, which were 
the gift of the Schwerin family. The president, Dr. 
Wm. Barclay Parsons, receiving the memorabilia on 
behalf of the Academy, described the Academy’s 
library of 270,000 volumes and numerous pamphlets 
and its valuable historical treasures. Prof. Perrin H. 
Long, professor of medicine in the State University 
of New York, summarized Ehrlich’s scientific work, 
and Prof. S. A. Waksman, chairman of the Depart- 
ment of Microbiology, Rutgers University, who 
graduated in 1915, the year of Ehrlich’s death, gave 
an interesting account of Ehrlich’s character and 
development as a man of science. 

A brilliant scholar at school, Ehrlich was extremely 
modest and escaped when he could to the room at 
home that he had fixed up as a laboratory for chemical 
experiments with dyes and for his biological col- 
lections. His later work with Koch on tuberculosis, 
which Ehrlich himself contracted, his work on 
diphtheria antitoxin with von Behring (full credit for 
which was not given to Ehrlich at the time), and the 
development of his well-known later work, were all 
outlined by Prof. Waksman. A notable feature 
of his address was the glimpse it gave of Ehrlich’s 
method as a scientific worker and of his personal 
character. 

Ehrlich, said Prof. Waksman, left little to chance 
and believed strongly in careful planning of research ; 
but he had the ability to use effectively unexpected 
observations. It happened, for example, that his 


kitchen-maid forgot to remove from the stove some 
stained preparations of tubercle bacilli, and this led 
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Ehrlich to realize the value of heating slides stained 
with certain dyes. It was, however, his systematic 
driving power and faith in finding the right answer 
that led, in Prof. Waksman’s opinion, to Ehrlich’s 
greatest discoveries. He represents, said Prof, 
Waksman, the “true scientist who does not sit idly 
by in deep contemplation waiting until a chance will 
come his way, but who searches for information in 
every branch of science that can only elucidate his 
particular problem”’. 

Always an optimist, Ehrlich struggled throughout 
his life for the advance of human health. His tem. 
perament was hasty ; but he was also very kind. He 
always gave his assistants full credit for their work, 
Friendly and jovial to all around him, he neglected 
his own health, ate irregularly, worked and smoked 
continually and was indifferent to the comforts of 
life. Richard Willstaétter, who went, in 1914, to 
Frankfurt to take part in the celebration of Ehrlich’s 
sixtieth birthday, wrote that Ehrlich’s ‘‘working 
cabinet”? and laboratory were small and that the 
chairs and tables were covered with books, reprints, 
memoranda, flasks and tubes of every possible form, 
and cigar boxes in which were either imported cigars 
or tubes full of chemical preparations. Ehrlich knew 
and could find everything that was there, even if it 
took him a long time to look for it. The imp that 
was in him, which made him make joking remarks 
with an absolutely serious face and his habit of 
making fun of himself, confused—so said Miss 
Marquand, his secretary——-people who were not used 
to that kind of thing. But the man, as we see him 
through these isolated comments, must indeed have 
been the man of whom Prof. Bulloch said: ‘‘Ehrlich 
was the most extraordinary man I ever met; with 
his wonderful inspiration, his enormous power of 
work, his astonishing knowledge, he was the greatest 
man in the medical world of his time. He was modest, 
sincere, noble-minded, and with the greatest kindness 
and consideration towards everybody”’. 

At the present time, when, to use Prof. Waksman’s 
words, ‘‘so much energy is being spent for machines 
of destruction’’, we do well to remember that Ehrlich, 
and the many others, alive and dead, who resemble 
him, are the true representatives of the scientific 
spirit. The world, which benefits from their work 
and nowadays demands these benefits as elementary 
human rights for which nothing, not even gratitude, 
need be paid, should be told much more about those 
who have given, and are giving, their busy lives to 
the single-minded service of their fellow men. 

G. LAPAGE 
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ASPECTS OF FOAM FORMATION 


T the concluding 1951 meeting of the Society 

of Cosmetic Chemists of Great Britain, Dr. 
Raphael Matalon gave a lecture on “Some Aspects 
of Foam Formation’’. This was of particular interest 
because of Dr. Matalon’s long experience in the 
study of molecular interactions at interfaces and 
his ingenious investigations into the foaming pro- 
perties of detergent solutions, which were first 
undertaken at the University of Lyons. Following a 
period of fruitful collaboration with Dr. J. H. 
Schulman and others, in the Department of Colloid 
Science, University of Cambridge, he began his 
present work, on visco-elastic media and related 
phenomena, at King’s College, London, where he 
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is currently directing research under the supervision 
of Sir Erie Rideal. 

Dr. Matalon began by discussing, with frequent 
blackboard illustrations, the techniques that he 
uses for the study of foams, bubbles and laminz. 
He went on to deal with the chemical and structural 
properties connected with foam formation and foam 
stability, referring to the phenomena of molecular 
orientation, packing of molecules and structure in 
the adsorbed phase. There is evidence of liquid 
erystal formation and of a highly organized state in 
the bubble walls. He spoke next of elasticity and 
plasticity in foams and bubbles. Of essential impor- 
tance for the stability of foams are those factors 
which control the rate of drainage of the interlamellar 
liquid. To cosmetic chemists, whose work on bath 
fluids and shampoos brings them into close touch 
with problems of foam formation, Dr. Matalon’s 
remarks on interlamellar drainage and stability were 
of special interest, as were also, in certain other 
respects, his comments on the physicochemical 
properties related to anti-foaming. 

Much of the subsequent discussion was concerned, 
in fact, with the problem of selecting or devising 
anti-foaming agents for use with specific systems 
(for example, sodium oleate in saponin solutions), 
in cases where foaming or excessive foaming is 
regarded as undesirable. Defoamers, it was empha- 
sized, are simply disorganizers of surface structure. 
Dr. R. H. Marriott referred to the defoaming action 
for sodium alkyl sulphate solutions of traces of 
sodium stearate; while, speaking more generally, 
Mr. Jack Pickthall spoke of the many cosmetic 
applications of a 15 per cent solution of wool wax 
fatty acids in mineral oil as a defoaming agent. 
Dr. Matalon concluded the discussion by affirming 
that specific defoamers can readily be devised, and 
that many suggested by him have already been 
proved highly successful when used in relatively 
minute proportions. 

A further talk was given by Mr. A. L. Waddams, 
of Shell Chemicals, Ltd., who dealt principally and 
at some length with the practical relationship of 
foaming and foam stability tests to the actual 
detergent effect of surface-active solutions on soiled 
fabrics. F. V. WELLS 
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FUNDAMENTAL ASPECTS OF 
LUBRICATION 


HE subject of lubrication is one of interest to 

the physicist, chemist and engineer, as it involves 
a knowledge of the physical, chemical and mechanical 
properties of liquid films and metal surfaces. It is 
not surprising, therefore, that the topics discussed in 
the thirteen papers presented at the conference on 
“The Fundamental Aspects of Lubrication” held by 
the Section of Physics and Chemistry of the New 
York Academy of Sciences during March 3-4, 1950, 
and the text of which has recently been published 
(Ann. New York Acad. Sci., 53, Art. 4, pp. 753-994, 
June 27, 1951; 4 dollars) cover a wide field. The 
conference was under the chairmanship of Dr. O. A. 
Beeck, of the Shell Development Co., and an out- 
standing figure in lubrication research, whose un- 
timely death from a heart attack on July 5, 1950, is 
greatly to be deplored. It is fitting that the mono- 
graph covering the conference proceedings is dedicated 
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to his memory. In addition to a photograph of Dr. 
Beeck as frontispiece, Prof. H. Mark, of the Brooklyn 
Polytechnic Institute, contributes a brief obituary in 
which he refers to Dr. Beeck as an ingenious research 
worker, a stimulating lecturer and a creative writer. 

In the first three papers, recent developments in 
full-fluid lubrication, fundamental mechanical aspects 
of thin-film lubrication and the influence of surface 
films on the function, adhesion and surface damage 
of solids are dealt with. J. T. Burwell, of the Massa- 
chusetts Institute of Technology, explains that full- 
fluid lubrication generally means the condition of 
operation of a bearing where the surfaces are com- 
pletely separated by a bulk film of lubricant so that 
no solid contact takes place. Both hydrodynamic 
lubrication, where the surfaces have either tangential 
or normal relative motion, and hydrostatic lubrica- 
tion, where the surfaces are relatively at rest, are 
included. Side leakage and film rupture in journal 
bearings, bearings under dynamic loading and the 
effects of laminar and turbulent lubricant flow are 
also considered; and as an illustration of the 
spectacular application of hydrostatic lubrication, 
Dr. Burwell refers to the Mt. Palomar 200-in. tele- 
scope, the total weight of which, one million pounds, 
is supported at three points by hydrostatic pads and 
for which a torque of only 50 ft.-Ib. is required to 
enable the telescope to follow the stars. 

Thin-film lubrication, discussed by H. Blok, of the 
Koninklijke/Shell Laboratory, Delft, lies between the 
two extremes of hydrodynamic lubrication and 
boundary lubrication. In the latter the load is fully 
borne by direct contact between the rubbing surfaces, 
and some aspects of this case, where the contact/load 
ratio is very high, are discussed in the third paper, 
by an acknowledged authority on this subject, Dr. 
F. P. Bowden, of the Department of Physical 
Chemistry, University of Cambridge. He reviews 
recent experimental investigations undertaken in his 
laboratory and discusses the bearing of the results 
obtained on the theory of friction. 

Other papers in the monograph deal with X-ray 
and electron-diffraction studies of lubricating sur- 
faces ; surface chemical phenomena ; physically and 
chemically adsorbed films in the lubrication of 
graphite sliding contacts; viscosity and molecular 
structure, in which the basic relations which exist 
between molecular structure, intermolecular forces 
and viscosity are developed in order to act as a guide 
for the preparation of synthetic lubricants; the 
measurement of the incremental friction coefficient 
of certain hydrocarbon compounds ; the influence of 
roughness and oxidation on wear of lubricated metal 
surfaces; and the fine structure of lubricating 
greases. T'wo papers on the complex process of metal 
cutting are of considerable interest. The process 
involves two main problems—the plastic deformation 
and failure of metals, and the friction and wear of 
sliding surfaces; thus it provides a convenient 
means for the study of the frictional properties of 
metals in sliding contact. 

In the concluding paper in the monograph the 
fundamentals of lubrication studied by the aid of 
large metal crystals are described by A. T. Gwathmey. 
The results of experiments to determine the action 
of gases and liquids on the single crystals, in the 
form of spheres and polished electrolytically, and the 
effect of static friction and wear between two base 
crystals of copper are discussed. The importance of 
the crystal face in lubrication chemistry and in 
friction and wear processes is clearly demonstrated. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Mass Numbers of the 35-hr. Krypton and 
of the 50-hr. Arsenic Activities 


In the course of recent investigations with a mass 
spectrometer, mass assignments have been made of 
two activities resulting from deuteron bombardments 
in the cyclotron of this laboratory. 

The spectrometer employed is a modification of a 
design by Graham, Harkness and Thode'. This has 
a Nier-type ion source necessitating the use of gaseous 
samples ; the analyser tube is of normal design with 
90° magnetic defiexion. At the collecting end the 
Faraday cup and the plate repelling the secondary 
emission were replaced by a pair of “Nichrome- V’ plates 
0-025 in. apart held about 1 in. from the exit-slit 
plate and parallel to it. A ‘target’ of 0-015 in. copper 
sheet fixed to one end of a long glass rod and intro- 
duced through a vacuum gate can be inserted be- 
tween the ‘Nichrome’ plates. A rectangular hole in 
the plate nearer the exit-slit plate allows the emergent 
beam of ions to impinge on this copper target between 
the plates. 

With this modification to the mass spectrometer, 
beam currents can still be measured by connecting 
the D.c. amplifier to the target holder; thus the 
instrument can still be adjusted to focus any given 
mass number. The D.c. amplifier cam then be dis- 
connected and ions of this mass driven into the target. 
For this process an auxiliary accelerating voltage of 
about 30 kV. is applied between the exit-slit plate 
and the target holder. Afterwards the target, bearing 
the collected atoms, can be withdrawn through the 
vacuum gate. If some or all of these atoms are radio- 
active, measurements of the activity on the target 
may then be made by the well-known methods. 

The apparatus may clearly be used to identify 
in some cases the isotope responsible for a particular 
activity. For example, as a preliminary investiga- 
tion, it has been possible to show that the 35-hr. 
activity produced by the (d,2n) reaction on bromine 
is due to krypton-79. This result has also been given 
by Bergstrom?. 

Recently, the 50-hr. arsenic activity produced by 
the (d,n) reaction on germanium has been shown to 
be due to arsenic-7]. The arsenic was extracted 
as the trichloride from the germanium target by the 
method described by Irvine*, and afterwards con- 
verted into arsine for introduction into the mass 
spectrometer. 

Under the action of the electron beam in the ion 
source, some of the arsine is decomposed to give 
the unstable compounds AsH, and AsH, and arsenic 
itself. The four types of ions (AsH,+, AsH,+, AsH+ 
and Ast) are, to within a factor of three, present in 
similar amounts. Hence, any one active arsenic 
isotope will appear at four mass numbers. Ions were 
collected as described at mass numbers 71, 72, 73, 
74 and 75, and at the first four of these an activity 
with a half-life of approximately 50 hr. followed by 
one of 11 days was found. At mass number 75 a weak 
activity of half-life greater than 15 days was found. 
This last could result from the 17-5-day activity of 
arsenic-74 in the ion AsHt. 

The assignment of the 50-hr. activity to arsenic-71 
was first made by McCown, Woodward and Pool‘ 
as @ result of examining the shorter period in the 
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arsenic obtained from deuteron bombardment of 
germanium, where, by subtracting other known 
activities, they were able to identify the 11-4-day 
X-ray activity corresponding to germanium-71. The 
cross-section for the formation of this they found to 
be approximately equal to that for the 50-hr. activity, 
which strongly suggests that the latter is the radio. 
active parent of gallium-71. Our observations confirm 
that this is indeed so. The full reaction may thus_be 
written : 


7Ge(d,n)"'As ; 
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7As —— "Ge —— "Ga. 
60 hr. 11-4d. 
We wish to thank Prof. P. B. Moon for encourage. 
ment in this work, and Dr. W. I. Berry Smith and 
the cyclotron team for assistance in the bombard. 
ments. One of us (A. R.C.) is indebted to the De. 
partment of Scientific and Industrial Research for a 
grant. 
D. F. BracwEr) 
A. R. CratTHorn 
Physics Department, 
University, Birmingham 15. Oct. 25. 
1 Graham, R. L., Harkness, A. L., and Thode, H. D., J. Set. Instr, 
24, 119 (1947). 
* Bergstrom, I. Phys. Rev., 82, 112 (1951). 
* Irvine, jun., J. W., J. Phys. Chem., 46, 910 (1942). 


“McCown, D. A., Woodward, L. L., and Pool, M. L., Phys. Rev., 74, 
1315 (1948). 


Evidence for the Existence of Neutral 
Particles of Very Short Life-time 


WE have recently made observations on nuclear 
disintegrations recorded in photographic emulsions, 
which suggest that neutral particles exist, of mass 
556 m, and life-time less than 10-'* sec., which decay 
into two x-particles of opposite charge. 

It is well known that the ~-mesons arising in high- 
energy nuclear disintegrations may not invariably 
be the immediate products of the collision between 
nucleons. In principle, one may assume that they 
sometimes result from the decay of heavier particles 
of very short life-time which are themselves directly 
produced. Our attention was first directed to the 
possibility of establishing the existence of such a 
process by the following observation. 

In a nuclear disintegration of type 10+ 2, 
observed in a plate exposed at 65,000 ft., the two 
shower particles were ejected from the nucleus in 
directions inclined at only 4° to one another, and at 
about 155° to the downward vertical through the 
plates during the exposure. At 65,000 ft. the flux 
of energetic nucleons with a component in the up- 
ward direction is very small. It therefore appeared 
almost certain that the two shower particles were 
ejected at wide angles to that of the parent particle 
which produced the ‘star’. 


occur by chance and only rarely. The event was 
therefore examined in more detail. 

The lengths of the tracks of the two particles were 
5-6 and 3-2 mm. respectively, and it was therefore 
possible to determine the grain-density and scattering 
of the tracks. It was thus established that the 
particles were m-mesons with energies 76 + 5 and 
117 + 10 MeV. respectively. The chance of finding 
such a close similarity in the energies of two shower 
particles is also small, and the event was therefore 
analysed on the assumption that it represents the 
spontaneous decay of a neutral particle, of life-time 


less than 10-' sec., into a pair of x-particles, 0° > | 





If the secondary particles © 
have no angular correlation, such a close pair must {| 
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-++2-+Q. The value of Q, the energy released 
in the process of decay, as deduced from the observa- 
tions, was found to be of the order of 2 MeV. 

In a search for further evidence, we next examined 
a large sample of stars on which measurements had 
already been made in connexion with another in- 
vestigation. We chose for further study disintegra- 
tions produced by fast nucleons with which were 
associated either (a) two identified m-mesons both of 
which were ejected at angles greater than 90° to the 
assumed direction of the primary particle, or (b) two 
identified -mesons of energy less than 30 MeV., 
irrespective of their directions of ejection. 

Of the eight stars thus chosen, the Q-values 
corresponding to the observed angles and energies 
of the pair of m-mesons were determined, assuming 
them to be examples of the decay in flight of the 
particle v°, In six cases, the resulting Q values were 
equal within the experimental errors, the mean being 
3 MeV. In the remaining two cases, the values were 
10.and 19 MeV. respectively. 

These results suggested that, if such a neutral 
particle, ©°, does exist, it must occur relatively fre- 
quently in the conditions of our experiments. It 
therefore seemed possible that further evidence might 
be obtained from the angular distribution of the 
secondary particles produced in stars of low multi- 
plicity, even in cases where the energies of the particles 
could not be determined. For this purpose, the 


No. 4296 


orientations of the primary and of the secondary 
shower particles in two hundred events of type 2p 
were examined (data kindly supplied to us by J. H. 
Davies, C. Franzinetti and D. H. Perkins). For each 
event, the angles, 8, between the directions of motion 
of the primary and each of the secondary particles 


were determined, and the angle, a, between the two 
secondary particles. 

The above measurements allowed us to construct 
a histogram f(8) showing the distribution in the 
values of 8. If it is assumed that there is no correla- 
tion between the pairs of values of 8 occurring in 
each individual event, it is possible to calculate, 
from the function f(8), the chance of observing, in 
any one event, two emerging mesons forming a pair 
of separation «; and further to determine this prob- 
ability as a function of the angles 8 corresponding to 
the pair. 

It was thus found that the frequency of occurrence 
of pairs of particles with values of « between 5° and 
15° was much greater than that expected, whereas 
for angles outside these limits there was a satisfactory 
agreement with expectations based on normal stat- 
istical theory. Knowing the energy distribution of 
the mesons, the range in the values of « where an 
excess of pairs would be expected to occur can be 
computed for different values of Q. The observations 
correspond to a value of Q between 2 and 5 MeV. 

As a second step, the expected angular distribution 
with respect to the line of motion of the primary 
particle was determined for all pairs of particles in 
which « is equal to or less than 20°, the calculations 
being based on the assumed absence of any correlation 
between the individual members of the pairs. In 
this case also a marked disparity between the observed 
and calculated distributions was found. This dis- 
parity is particularly marked for directions in the 
backward hemisphere with respect to the line of 
motion of the primary particle. Thus, in the con- 
ditions of the experiment, the expected number of 
pairs due to chance for which « < 20°, 8 > 70°, is 
0-5, whereas the number observed is 5. 
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We believe that these observations strongly suggest 
a correlation in direction and in energy between pairs 
of m-particles emerging from energetic nuclear dis- 
integrations. The simplest explanation of such an 
effect appears to be that the m-mesons result from the 
decay of a short-lived neutral particle, (°, according | 
to the scheme (° — 2+ + n- + Q, where Q is of the 
order of a few MeV. Alternative possibilities involving 
more than two secondary particles, or other hypo- 
theses, are not excluded by the observations. Our 
preliminary results suggest that among the ‘stars’ with 
2<", < 6, about one-tenth of the z-mesons are 
produced in pairs in the processes under discussion. 
An angular correlation between pairs of shower 
particles has been reported previously by Cosyns!. 
Although Cosyns was not usually able to identify the 
nature of the particles of the ‘pairs’, and although he 
concluded that such pairs were confined to events of 
high multiplicity, it appears possible that his 
observations may include examples of the process we 
have discussed. 
Further details of this investigation will be given 
elsewhere: 
M. Danysz 
W. O. Lock 
G. YEKUTIELI 
H. H. Wills Physical Laboratory, 
University of Bristol. Jan. 21. 
*Cosyns, M. G. E., Nuovo Cimento, 6 (Supp. No. 3), 397 (1949); 
Report of Harwell Conference, 19 (1950). 


* Danysz, M., and Lock, W. O., Phil. Mag. (to be submitted for 
publication). 


Efficiency of a Scintillation Counter with 
Anthracene Phosphor for High-Energy 
Gamma-Rays 


THE counter used in this investigation contained 
an anthracene phosphor (from Harshaw Chemical 
Co.) 2 cm. xX 3 cm. X 3 cm. between two photo- 
multiplier tubes (R.C.A.5819). The pulses from the 
multipliers were amplified about 200 times and led to 
@ coincidence stage of a type described by Morton and 
Sherwin'. In this way the background counts due to 
dark-current pulses were effectively suppressed. With 
the high voltage used, about 900 volts, the counter 
gave no pulses without the phosphor. 

The efficiency was investigated for the gamma-rays 
produced by bombarding light nuclei with protons from 
the 500-kV. Van der Graaff machine of this Institute. 

(a) For the 6-2-MeV. -rays from the 
reaction 'F(p,a«)'*O with 340 keV. proton energy, 
the yield used is that given by van Allan and Smith’, 
being in good agreement with the result which was 
obtained with a brass Geiger—Miiller counter, the 
efficiency of which was taken as 3-7 per cent from 
Bonner and Evans’. 

(6) According to Tangen‘, the gamma-rays from 
the reaction “B(p,y)'!#C at the resonance for 162 keV. 
proton energy have a mean quantum energy of 
9-5 MeV. The yield was determined from the yield 
of a brass counter the efficiency of which was assumed, 
by extrapolation, to be 5-3 per cent. As the value 
given, 9-5 MeV., is only a mean value for components 
of very different quantum energies, this value for 
the yield is assumed to be less reliable. 

(c) The yield of the 17-5-MeV. radiation from the 
resonance at 440 keV. proton energy of the reaction 
"Li(p,y)*Be was determined by means of a lead 
Geiger—Miller counter the efficiency of which was 
taken as 19 per cent from the theoretical curve of 
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Fowler et al.5, reduced to give the result of van 
Allan and Smith* at 6-2 MeV. energy. 

In all three cases the efficiency of the anthracene 
phosphor was found to be what would be expected 
from known absorption coefficients’, when all quanta 
which are absorbed are also counted. 

In addition, by placing a 1l-mm. sheet of lead 
before the phosphor, an increase in efficiency was 
obtained, which corresponded well with the number 
of secondary electrons to be expected when a gamma- 
ray of certain energy passes through a sheet of lead 
of known thickness’. The results obtained were : 








| 

Gamma-ray energy Efficiency of : 
| 2 cm. anthracene 1 mm. Jead 

6-2 MeV 6-0 per cent 3-5 per cent 

9-5 MeV 5:5 - 6-0 pa 

17°5 MeV 4-0 » 11°5 a 














The results are considered reliable within 10 per 

cent. 
OLE L6nsj6 
Physical Institute, 

University of Oslo. Sept. 28. 
Morton and Sherwin, Rev. Sci. Instr.. 20, 766 (1949). 
* van Allan and Smith, Phys. Rev., 59, 501 (1941). 
* Bonner and Evans, Phys. Rev., 78, 666 (1948). 
*Tangen, K.N.V.S. Skrifter, No. 1 (1946). 
* Fowler, Lauritsen and Lauritsen, Rev. Mod. Phys., 20, 236 (1948). 
*Snyder and Powell, AECD—2739. 
7 Rossi and Staub, “Ionization Chambers and Counters’’, Table 5, 1, 


Adiabatic Magnetization of Super- 
conductors 

THE past few years have seen a large increase in 
the number of laboratories using liquid helium, and 
with it interest in methods for obtaining temperatures 
below 1°K. has been renewed. The only method 
which has so far been used is the adiabatic de- 
magnetization of a paramagnetic salt; but this is 
not the only process known by which a cooling can 
be effected. Two other low-temperature phenomena 
yield an appreciable degree of cooling and have a 
satisfactory velocity of reaction even below 1° K., 
namely, the mechano-caloric effect in liquid helium’ 
and the magneto-caloric effect in superconductors’. 
For reasons which have recently been discussed by 
Simon*, we have never contemplated using the first 
effect as a cooling method ; but the second one offers 
interesting possibilities. Some experiments were, in 
fact, carried out fifteen years ago‘ in which final 
temperatures were reached which had been estimated 
as between 0-2° and 0-3° K. However, lack of data 
on magnetic threshold values at low temperatures 
made an accurate determination of the degree of 
cooling impossible at the time. 

Recent measurements’ have revealed the interesting 
fact that near absolute zero the threshold curves seem 
to be strictly parabolic, which allows the degree of 
cooling obtainable with this method to be expressed 
in a general form. Equating the entropies of the metal 
in the normal and the superconductive states, we 
arrive at the following relation between the starting 
temperature 7; and the final temperature 7';: 

a(7'7/6)* + yTs = T#(a/O* + 6), 
where 6 is the Debye characteristic temperature of the 
metal, y the coefficient of the electronic specific heat 
and a has the value 154-8. In the case of a threshold 
curve which retains its parabolic form up to the 
transition temperature 7'-, 6 would be y/7.*, and for 
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less regular curves the exact value of 6 can easily 
be derived from the measured values above 1° K, 

The equation shows that, using metals with high 7, 
and high 0, such as tantalum and niobium, one can, 
when starting at about 1° K., reach temperatures 
well below 0-1°K. While the cooling efficiency 
measured in calories per c.c. is smaller than in the 
paramagnetic method, the necessary fields are algo 
smaller and therefore permit a larger volume to’ be 
cooled. The best application of the method would, 
however, not be as a rival but as a supplement to the 
paramagnetic one. The latter is particularly suited 
for the region below 0-3° K., but work with it becomes 
difficult at higher temperatures owing to the rapidly 
increasing heat influx. In the proposed method, on 
the other hand, the entropy of the final phase, the 
normal state of the metal, increases proportionally 
with the absolute temperature. Thus, as the tempera. 
ture of the specimen rises, the heat influx will be 
balanced by a steadily increasing heat capacity, and 
the warming-up rate will be retarded. It therefore 
seems that the chief use to which the superconductor 
method can be put will be in the temperature region 
between 0-3° K. and 1° K. 

K. MENDELSSOHN 
Clarendon Laboratory, 
Oxford. Dec. 17. 

* Daunt, J. G., and Mendelssohn, K., Nature, 143, 719 (1939). 
* Mendelssohn, K., and Moore, J. R., Nature, 183, 413 (1934). 
* Simon, F. E., Physica, 16, 753 (1950). 
* Mendelasohn. K., Daunt, J. G., and Pontius, R. B., Actes du VIle 

Congrés Intern. du Froid, The Hague, 1936, 1, 445. 
* cf. Goodman, B. B., and Mendoza, E., Phil. Mag., 42, 594 (1951). 


Interference Microscopy and Mass 
Determination 

THE development of phase-contrast and_ inter. 
ference-contrast methods has focused attention on 
the possibility of improved accuracy in the determina. 
tion of refractive indices of microscopic objects, 
particularly living cells'. In many cases immersion 
methods can conveniently be used*, but with living 
cells no great variation in the refractive index of the 
immersion medium can be tolerated. 

It is, however, possible to measure the optical path- 
difference or phase-change @ produced by the object. 
We then have 

@ = J (to — um)de, 
where Uo is refractive index of object, um is refractive 
index of immersion medium and ¢ is thickness of 
object. For a homogeneous object we can write, 


? = (Ho — Um). 

Thus, in order to determine the refractive index 
from a knowledge of 9, we must also know the 
thickness. It is well known that thickness determina- 
tions in the case of thin microscopic objects are sub- 
ject to very considerable errors. Shadowing or inter- 
ferometric methods involving the deposition of 
metallic films on the object can sometimes be used, 
but not in the case of living cells. It may, however, 
be possible to make use of the phase-change 9 with- 
out having to measure either the refractive index or 
thickness. Refractometry is frequently used for the 
determination of concentrations of substances in 
solution*. The underlying principles and some of 
the difficulties in the case of protein solutions have 
been discussed by Adair and Robinson‘ and Craig 
and Schmidt*. The former workers showed that, in the 
case of serum albumin and serum globulin, the simple 
relationship : 
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C 
holds with good accuracy ; « is a constant known 
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as the specific refraction increment, yp is the re- - 


fractive index of the protein component, ps that of 

the solvent, and C is the number of grams of dry 

protein per 100 ml. of solution. If we can assume 

that this relationship is applicable to a cell com- 

posed mainly of protein, we obtain : 

a.C.t 

a X gm. protein per cell x 100/(cell volume) x ¢ 

100« x gm. protein per cell x 1/(projected cell 
area). 


? 


iouw 


Hence, dry weight of protein in cell = 9 x area/100a. 

Instead of the thickness, which is very difficult to 
measure accurately, we now have the projected area, 
which can be determined comparatively simply with 
the microscope. Uncertainty arises in the value of a, 
particularly when dealing with complex mixtures of 
proteins which may be in different salt environments 
and in different states of ionization ; but in those 
cases so far investigated, « lies within the range 
0:0018-0-0021, and gross deviations from these values 
are improbable. 

This formula was applied to the determination of 
the weight of a single human red blood cell. a was 
taken as 0-00193 for hzemoglobin*®. @ was found 
to be approximately one-quarter of a wave-length 
(mean 4 = 6500 A.) when the cells were examined in 
a saline medium. Thus, 

KK 
9 = ue x 10-*om. 


Mean cell diameter = 7:5 x 10-* cm. 
Hence, gm. of protein in cell 
0-55 _ 1 
—— x 
4 


ged a 
0-193 


10-4 x 75° x 10°° X 


= 31-4 x 10-*. 


‘The mean corpuscular hemoglobin is usually given’ 
as 27-32 x 10-1" gm., so the agreement is remark- 
ably good. No account was taken of possible anom- 
alies of refraction in the region of absorption bands, 
and a small fraction of the weight is, of course, due 
to the cell envelope. But even if too much store can- 
not be set by the absolute determination of mean 
corpuscular hemoglobin by this method, it is never- 
theless possible that relative determinations may be 
useful as a clinical test in disorders of the blood. 
In the case of heterogeneous objects, the same 
principles apply ; but the product 9 x area must be 
integrated over the projected area. Unfortunately, 
there is no simple photometric relationship between 
the intensity and 9 in either phase-contrast or inter- 
ference microscopy’, though a linear relationship can 
be assumed for very small phase changes. In the 
latter case the required integration can be carried out 
simply by photoelectric measurements. In other 
cases no very great error may be involved in assessing 
the mean value of over small areas. In this way 
the nucleus of human oral epithelial cells was estim- 
ated to contain approximately 120 x 10-* gm. of 
protein. A value of « = 0-0019 was assumed. The 
presence of sugars, ring structures and conjugated 
double bonds such as occur in the nucleoproteins is 
known to affect the specific refraction in different 
ways, but recent measurements® on sodium thymo- 
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nucleate prepared by Gulland e¢ al.’° gave values of 


« in the region of 0-002. Earlier measurements™ 
on a different preparation gave values of 0-0016. 
Until more complete figures are available for a large 
variety of substances, a mean value of 0-0019 for « 
seems reasonable for most biological cells. Errors 
may arise in the case of cells loaded with substances 
such as glycogen, lipoids or pigments. 

It would be interesting to compare the results of 
this method with those obtained by the X-ray 
absorption, technique developed by Engstrém and 
Lindstrém™, Though elegant in principle, the latter 
requires very elaborate apparatus. It cannot be used 
on living material, an accurate measurement of the 
thickness is required and the resolving power is 
relatively poor. The new method is simple; but 
further basic investigation into the errors involved 
is necessary. 

Thanks are due to Dr. A. G. Ogston for valuable 
discussions. I wish to acknowledge the help received 
as Alan Johnston, Lawrence and Moseley Research 
Fellow of the Royal Society. 


R. BARER 


Department of Human Anatomy, 
University Museum, 
Oxford. 

Oct. 20. 
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Growth-rates of Single Crystals of Ethylene 
Diamine d-Tartrate: Flawed Growth and 
its Inhibition by Boric Acid 


THE rate of growth of a crystal face depends in a 
general way on the supersaturation of the solution in 
which it grows, but this dependence has not received 
much quantitative study. The possibility of obtaining 
unique values has been in doubt, for microscopic 
crystals showed a great variability in the growth- 
rates of faces of the same form in the same solution!. 
Seemingly, the microstructure of the face itself out- 
weighed other factors. It was anticipated that on 
larger faces differences in the distribution of minute 
surface imperfections would be relatively less im- 
portant, so that supersaturation could then become 
the rate-controlling factor ; but rate data for specified 
faces growing in solution under steady conditions 
have not been available. 

We have studied the growth of single crystals of 
ethylene diamine d-tartrate in a special cell under 
conditions of constant supersaturation and good 
stirring. The extension of the crystal in the direction 
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of the negative end of the y-axis, due to growth of 
the (110) (110) faces, was measured with a travelling 
microscope reading to 0-001 mm. The crystals used 
were 4-12 mm.’ in cross-section. Particular attention 
was paid to the development of crystal flaws, for it 
is known that visibly flawed faces grow much more 
rapidly than unflawed ones’. 

At constant supersaturation the great majority of 
the measured values of the growth-rate, taken at 
intervals of about 0-02 mm., was constant; but 
occasional jumps to a value about twice as great 
were noted. Incipient skeletal growth, caused perhaps 
by the jumbling of contemporaneous growth layers, 
as suggested by Yamamoto’, might explain these 
sudden spurts. They are more frequent when the 
temperature is changing, the supersaturation is high, 
or the stirring is inefficient. In its initial stage the 
condition is unstable; the growth-rate commonly 
drops back after a short time to its steady value and 
no visible mark is left in the crystal, but, rarely, the 
skeletal structure diverges and a visible ‘veil’ appears 
which may persist indefinitely. During its life, the 
growth-rate is two or three times greater than before. 

The values affected by flaws could be rejected 
unambiguously and the rates for normal -growth 
determined. These were reproducible within the 
limits of experimental error, constant for the nine 
individual crystals tested, and independent of the 
face dimensions within the restricted range con- 
sidered. They are, however, rather strongly dependent 
upon temperature (see graph). 





Rate of growth (107 mm.)min.) 
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Supersaturation (per cent) 
(a) 52°-C.; (6) 42°C.; (c) 42° eo -5 gm./l. boric acid) 





The rate values were used in a search for an 
additive which would improve the growth character- 
istics, for there is evidence that substances which 
decrease the growth-rate of a crystal increase the rate 
at which it can grow unflawed*. It was found that 
boric acid has a very powerful effect. In concentra- 
tions of 0-2-0-6 gm./l., it slowed the growth-rate 
appreciably (see graph) and markedly decreased the 
number of flaws and the tendency towards spontan- 
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eous crystallization in the solution. Presumably it is 
adsorbed on the crystal surface and restrains the 
development of growth-layers. 

At higher concentrations additional effects, gener. 
ally undesirable, are produced, which are similar to 
those observed in other cases in which additives have 
been used to improve crystal-growth*. At first the 
normal growing faces, (110) (110), are replaced by 
the (111) (111) pair, the change being complete at 
about 1-0 gm./l. At higher concentrations a rounded 
(partially dissolved) crystal grows out, under moderate 
supersaturation, to form faces and then stops growing 
completely. At concentrations greater than 2-0 gm./l., 
crystals will grow only at very high supersaturations, 
and the faces appear warped or rounded. At about 
10 gm./l. a large rounded seed will not form faces but 
induces a microcrystalline precipitation. At yet 
higher concentrations the solution can be evaporated 
to a glassy solid. 

The beneficial effect of boric acid at low concen- 
trations has not yet been tested with crystals of 
useful industrial size, and its effect on the piezo- 
electric property is not known. We expect to publish 
details elsewhere. 

We wish to thank the Post Office Research Branch 
for a grant in support of this work, and Dr. C. E. 
Richards for his interest. One of us (A. H. B.) is grate- 
ful to the National Research Council of Canada for 
a grant and special leave. 
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A. H. Bootu 
H. E. Buckiey 
Crystallography Dept., 
University, Manchester. 
Sept. 15. 
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A New Type of Surface Wave from 
Earthquakes 


THE surface waves from forty-two selected 
earthquakes, recorded at Harvard during the period 
1934-50, have been analysed. Those earthquakes 
were chosen which gave a good surface-wave record 
and which occurred ‘end-on’ to the horizontal 
seismometers, that is, north, south, east or west of 
Harvard. Under these conditions, both Love (Q) 
and Rayleigh (R) waves could be identified with 
certainty. 

During the analysis of Rayleigh wave groups, it 
became obvious that the ratio of vertical to horizontal 
component of these R-waves, though frequently 
having the expected value of about 1-5, more fre- 
quently has a much higher value. The ratio at times 
exceeds five and often changes markedly during 
tLo passage of a group. 

In fact, it was soon observed that some groups 
show only vertical motion without any longitudinal or 
transverse component. Such surface waves have been 
reported previously by Oliphant? from explosions 
and by Blumberg? from earthquakes. Their occurrence 
is not explained by any of the existing theories of 
surface-wave propagation. It is proposed to call 
waves of this type ‘vertical (Z) surface waves’. 

On many occasions these Z-waves were recorded 
quite alone, without any simultaneously occurring 
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motion of the Q- or R-wave type. On these occasions 
the identification of the Z-wave was quite simple. 
On other occasions, when R- and Z-waves arrived 
simultaneously, it was often still possible to separate 
them because they usually have slightly different 
periods. It is difficult to separate a Z-wave from an 
R-wave in the earlier-arriving groups because they 
overlap considerably and the amplitude of the record 
is often too great to be readable. 

More than four hundred Z-wave groups have been 
identified out of a total of three thousand surface- 
wave groups measured in the course of the present 
analysis. They are found to give dispersion curves 
similar to those of R-waves. Also, the periods 
observed in Z-wave groups are in all respects similar 
to those of the R-wave groups recorded from the same 
earthquake, except for the above-mentioned tendency 
for the Z-waves not to be identifiable in the long- 
period range (greater than 20 sec.). 

There is, however, one important difference. The 
group velocity of Z-waves is less than the group 
velocity of R-waves of the same period travelling 
over the same path. In general, the ratio of Z-wave 
velocity to R-wave velocity is approximately the 
same as the ratio of R-wave velocity to Q-wave 
velocity, that is, about 0-93-0-96. The accompanying 
table shows the group velocities (U7) and the velocity 
ratios obtained for surface waves (Q, R and Z) of 
periods 21-35 sec. over the path from Cape Horn 
to Harvard, a distance of 11,000 km. 
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‘ 
Wave period, 7’ | Group velocities | Velocity ratios 
(sec.) km./sec.) | 
| Ug Ur Us | UniVq UsiUr Usi0e 
21 | 3°51 330 3-10 0-94 094 0°88 
23 3-69 3-44 327 0-93 0-95 0-89 
25 3°76 3-53 3-39 0-94 0-96 0-90 
27 3-83 3-60 3-45 0-94 0-96 9-90 
29 3-89 3-66 3-52 0-04 0-96 9-90 
31 3°95 3-72 3-58 0-94 0-96 0-91 
33 3°99 3°75 3-62 0-94 0°96 0-91 
85 4-03 3°78 8-86 0-94 0-96 0-90 











An examination of seismograms from other 
observatories, including Bermuda, Bogoté, Batavia, 
Galerazamba, Huancayo, Ottawa and Weston, shows 
that Z-waves have been recorded at all these stations 
on widely different equipment. They are also found 
on records from earthquakes of all magnitudes, at 
all distances and over all paths. Therefore, it can be 
stated that vertical (Z) surface waves occur. as @ 
separate and identifiable type with their own char- 
acteristic group velocity. In view of this, it is not 
correct to use only the vertical component of surface 
motion to identify a Rayleigh wave. 

A full description of the results of this analysis, 
including dispersion curves, may be found elsewhere*. 
The work comprised part of "a research project 
carried out under a Carnegie Fellowship, in partial 
fulfilment of the requirements for the Ph.D. degree 
at Harvard. 


F, W. Woop 


Bureau of Mineral Resources, 
Geology and Geophysics, 
Ministry of National Development, 
485 Bourke Street, 
Melbourne, C.1. 
Sept. 5. 
‘ Oliphant, C. W., thesis for doctorate, Harvard University (1948). 


* Blumberg, R. K., thesis for doctorate, Harvard University (1948 ). 
* Wood, F. W., thesis for doctorate, Harvard University (1951). 
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A Probability Model of Radiation 
Damage 


In developing the mathematical theory of radio- 
biological phenomena it is necessary to consider two 
separate, yet related, problems. The first problem 
is concerned with the probability of occurrence of 
effective ionizing radiations within a so-called sensitive 
volume (or mass) of a living organism. This prob- 
ability depends on the geometry of the target and 
the absorption of radiation quanta. The quantum 
hit theory which has been advanced to explain this 
initial effect has been discussed by D. E. Lea'. The 
second problem, which is concerned with the prob- 
ability that the initial damage to the system will 
cause a certain effect, has received very little theoret- 
ical consideration. In a paper to be published else- 
where I have considered a mathematical model of 
the transmission of primary radiation damage through 
a biological system*. This model is based on the 
theory of Markov chains*. It is the purpose of this 
communication to present the model developed and 
to suggest some possible biological interpretations 
of the results obtained. For the complete treatment 
of the problem the paper referred to above should 
be consulted. 

The mathematical model can be considered as 
representing the following process. Consider a con- 
trol molecule (or group of molecules) to which chain 
macromolecules are connected. These macromolecules 
are assumed to be formed from cellular constituents. 
The control molecule is considered to be, or associated 
with, the sensitive volume, and following a ‘hit’ the 
initial damage is transmitted or amplified through 
the system by the chain depolymerization of the 
macromolecules connected to the control molecule. 
The mechanism of this depolymerization is taken to be 
the inverse of the mechanism involved in the poly- 
merization of the macromolecules. The complete 
degradation of the macromolecules is considered as 
being responsible for the observable damage to the 
system. 

Consider a finite Markov chain with states Zi(¢ = 0, 
1, ...,@). The system can be considered to be in the 
state E, initially (that is, the chain is intact), and 
following a hit in the sensitive volume passes to the 
state E,. The transitions EF, + F,—... — Eq will 
represent the transmission of the primary radiation 
damage, and EF, will represent the state when the 
radiation damage becomes observable. 

The transition probabilities, py, (j,k = 0,1,...,@) 
are the conditional probabilities of the system in a 
state E; passing to a state Hy. I define the transition 
probabilities as follows : 


Pitty = Pr {Bi > Bins} = =, (6=1,2,-. 4-1) (1) 


Mi-, = Pr{E; + Ei-,} = 1 — t/a, (i=1,2,..., 
peer o—1) (2) 


1, i= 0,a (3) 


pi = Pr {Bi > Bi} = 0, otherwise 


The forward one-step transitions (1) represent trans- 
mission, and the reverse one-step transitions (2) 
represent recovery. The condition that piij = 1 when 
i = 0,a means that no change will occur after’ the 
state E, (or Eq) is reached, that is, they are absorbing 
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states. From these definitions, the probability of the 
system reaching Eg increases as it moves away from 
the intact state, while the probability of recovery 
decreases. The assumption of linear increase in the 
transition probabilities represents an approximation 
for the sake of simplicity, made in the absence of 
more detailed information on the dependence of 
these probabilities on the extent of degradation. 
Similar unsymmetrical random-walk models have 
been considered in connexion with the theory of 
Brownian motion‘. 

It is desired to determine the probability 2g (prob- 
ability of observable damage) that the system initially 
in £, will eventually pass to Eg; also the probability 
Xe (probability of recovery) that it will return to E,. 
The system can arrive at Eg from EF, only by first 
reaching Eg, and then making the transition 
Eq—, — Eq. The probability of the transition EZ, — Eg 
in n-steps will be denoted by p,a—,™). Then, 


Xe = Pa-10 x Pra—i™), (4) 
a= 


where we use the natural definition, p;q~,) = 0. 
Similarly, the probability 4, will be given by the 
sum of the probabilities that in n-steps the system 
will arrive in the state £,, multiplied by the prob- 
ability of transition, EF, -—- E,. Hence: 


@ 
Ao = Pro & Pi, (5) 
n=0 


where p,, = 1. Calculations show that: 


Ae = 1/2—"', 
and since 4g + A,» = 1, then 
Ao = 1 — 1/26—1, (7) 


The results obtained, (6) and (7), show that for 
large values of a recovery is almost certain. In terms 
of biological systems, this means that the probability 
of an observed effect and the probability of recovery 
are related to the extent of polymerization of the 
macromolecules when radiation quanta are absorbed 
in the sensitive volume, the probability of an 
observed effect being greater during the initial stages 
of the polymerization process. It is of interest to 
give some structural meaning to the number of states 
a. If these macromolecules are assumed to be nucleic 
acids, then a might be expressed in terms of the 
number of nucleotides present in the molecule. If a 
is expressed in hundreds of nucleotides, that is,a = 1 
corresponds to 100 nucleotides in the chain, etc., for 
a gene molecule with perhaps 2,000 nucleotides, there 
would be the rather large value of 20. Several studies® 
have indicated the depolymerization of nucleic acids 
following exposure to X- and ultra-violet irradiation, 
but the possible origin of these structures has not 
been pointed out. 

From studies* on the sensitivity of organisms to 
irradiation it has been shown that many organisms 
are highly sensitive to radiation during the meta- 
phase of the mitotic process. Since aster formaticn 
occurs during the metaphase, one might speculate 
on the relationship between the site of aster formation 
and the sensitive volume. In terms of the present 
model the centrosome might be considered as the 
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control group, and the aster fibres the chain mole. 
cules that undergo depolymerization. 
A. T. Rer* 
Committee on Mathematical Biology, 
University of Chicago, 
Chicago 37, Illinois. 
Aug. 20. 
* Public Health Service Research Fellow of the National (Cancer 

Institute. 
‘Lea, D. E., “Actions of Radiations on the Living Cell’’ (Camb, 

Univ. Press, 1946). 
. er A. . on and Landau, H. G., Bull. Math. Biophysics, 13, 153 
* Feller, + + ‘An Introduction to Probability Theory and its Applica- 

tions’’ (John Wiley and Sons, Inc., New York, 1950). 
* Kac, M., Amer. Math. Month., 54, 369 (1947). 
* Hevesy, G., Rev. Mod. Phys., 17, 102 (1945). Giese, A. C., Physiol, 

Rev., 30, 431 (1950). Oster, G., and Grimson, H., ‘rch. Biochem. 

24, 119 (1949). Oster, G., and. McLaren, A. D., U. Gen. Physiol, 

33, 215 (1950). 
*Sax, K., and Swanson, C. P., 
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Amer. J. Bot., 28, 52 (1941). 


Primary Radiation Yield in Liquid Water 


THERE is a substantial body of evidence in support 
of the view that hydrogen atoms and hydroxy! 
radicals are the major products formed in the primary 
act when high-energy radiation is absorbed in liquid 
water. Although a good deal is known about the 
reactivity of these species, and a little is known about 
their spatial distribution, no estimate of the efficiency 
(G,), that is, the number of water molecules decom. 
posed per 100 eV. energy absorbed, was available 
when, in 1949, we began the investigation described 
below. Quite recently, two very different estimates!” 
of this primary radiation yield have been published. 
We therefore consider it desirable to publish without 
delay an outline of our method and results. The 
agreement of our results with those of the French 
workers, with whom we have been in close touch, is 
quite striking; the disparity with the American 
workers will be discussed elsewhere. 

The basis of our method was to compare the 
radiation yield of the radiolysis of extremely carefully 
purified hydrogen peroxide in aqueous solution with 
the quantum yield of the photolysis of the same 
solution. A feature of all kinetic work on hydrogen 
peroxide has hitherto been the great irreproducibility 
of rate measurements due to the extreme suscept- 
ibility of the reaction to positive and negative 
catalysis. After many trials, hydrogen peroxide 
solutions of exceptionally low specific conductivity 
(6-3 x 10-* mho in 40 per cent solution) and nitrate 
content (~ 0-1 wert oe were prepared by dis- 
tillation of ‘inhibitor-free’ 90 per cent H,O, (kindly 
given to us by Laporte Chemicals, Ltd.) diluted with 
doubly distilled water, so that the distillate was 
2-3 M. More-concentrated solutions were prepared 
by evaporation of water from these dilute solutions. 
The fused quartz reaction vessel was so designed 
that on inversion the solution flowed from the radio- 
lysis chamber to the photolysis chamber. This vessel 
was cleaned with nitric acid and then repeatedly 
steamed and rinsed with doubly distilled water. With 
these precautions, reproducible reaction-rates for the 
radiolysis with cobalt-60 y-rays and the photolysis 
with light of wave-length 366 my. were obtained, the 
rates being much greater than those found when such 
precautions were omittcd and much greater than 
the rate of spontaneous decomposition. The rate of 
photolysis was found to be first order with respect 
to hydrogen peroxide concentration’ over the con- 
centration range 1-22 M, proportional to the square 
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root of intensity of the light absorbed‘, and to increase 
with temperature. Rotating-sector experiments 
confirmed the dependence on Japs'/? and yielded 
values for the life-times of the chains which, at the 
light intensities employed, were of the order of one 
second and decreased with increasing temperature. 
Quantum yields of 200-300 have been found in con- 
centrated solutions. The kinetics of the decomposition 
induced by absorption of radium or cobalt-60 y-rays 
and by X-rays were very similar. ‘The rate was 
proportional to the square root of the dose-rate over 
the range 4-160 r. per min. and had the same tem- 
perature coefficient, within the experimental error, 
as the rate of the photolysis. The order was unity at 
low concentrations but rose at higher concentrations. 
Although we have constructed a pneumatic oscillating 
y-ray source, we have not yet been able to apply it 
to the determination of the life-times of the chains 
in the radiolysis. 

The magnitude of the quartum and radiation 
yields indicates that both decompositions proceed by 
a chain mechanism. The kinetics found experiment- 
ally for both reactions show that the chain-carriers 
are destroyed in pairs and that the propagation steps 
are bimolecular reactions between a chain, carrier and 
a hydrogen peroxide molecule. Various mechanisms 
involving OH and HO, radicals can be written which 
satisfy these requirements. We regard the results 
mentioned above as sufficient warrant for the view 
that, whatever their precise nature, the secondary 
processes in both reactions are identical. The primary 
photochemical act is known to be’: 


H,O, + 20H; (1) 


and the quantum yield (,) of this process must be 
greater than 1-4 and not greater than 2-0° ‘The 
primary radiochemical act in water may be written : 


H.0—<~~+ H + OH, (2) 


and it would be expected that in the presence of 
excess hydrogen peroxide the hydrogen atoms would. 
be removed’ by reaction (3) : 


H + H,0, > H,O + OH or 


Since no hydrogen was found among the reaction 
products, the first alternative is favoured. Thus, for 
every hydrogen peroxide molecule decomposed in the 
primary act of the photochemical reaction and for 
every water molecule decomposed in the primary 
radiochemical act, two reaction chains are started. 
The ratio of the overall radiation yield to the overall 
quantum yield in solutions of identical composition 
is then (@, Japs/R¢,)'", where Japs and R are the 
relevant absorbed light intensity and dose-rate. 
Applying this method to our results and assuming 
9, = 2-0, we obtained a value for G, of 13-4 + 2-2, 
corresponding to @ mean energy used per water 
molecule dissociated of 7-5 eV., that is, not much 
larger than the dissociation energy Da...on)g 
(5-13 eV.)*. This value of G is to be compared with 
those found by Haissinsky and Lefort* (12-3) and by 
Hart? (3-3). 

There are two reasons why the overall radiation 
yield should increase with concentration of hydrogen 
peroxide more rapidly at high concentrations (ex- 
ceeding 6 M) than would be expected if a first-order 
law were followed. First, because of the higher 
density of the concentrated solutions, more energy is 
absorbed than is revealed by the dosimetric methods. 
Secondly, a large proportion of the energy absorbed 


H, + 0,H. (3) 
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produces radicals directly from hydrogen peroxide 
molecules. We have assumed that G, for this process 
is in the same ratio to G, for water as the ratio of 
the dissociation energies D(H...0H)g to Dao...onyg- 
We have corrected for these two effects, 

We wish to acknowledge the receipt from the 
Department of Scientific and Industrial Research of 
a grant in aid of apparatus, as well as a maintenance 
grant to one of us. 

F. 8. Daryton 
J. RowsBortom 


Department of Inorganic and Physical 
Chemistry, 
University of Leeds. 
Jan. 7. 


1 Haissinsky and Lefort, J. Chim. Phys., 48, 368 (1951). 

* Hart, A. C. 8., Radiation Chemistry Symposium, Cleyeland, Ohio 
(April 1951). 

* cf. Kornfeld, Z. phys. Chem., B. 29, 205 (1935). 

“cf. Allmand and Style, J. Chem. Soc., 596 (1930). 

*Volman, J. Chem. Phys., 17, 947 (1949). 

*Lea, Trans. Farad. Soc., 45, 81 (1949). 

7 Geib, Z. phys. Chem., 169A, 161 (1934). 

* Dwyer and Oldenburg, J. Chem. Phys., 12, 351 (1944). 


Plasticity of Wool 


In earlier communications! on this subject, it has 
been shown that the rate of creep, under constant 
load, of wool fibres in water has the characteristics of 
a first-order reaction. The value of the reaction 
constant (k) for fibres taken from the same lock of 
Lincoln wool was found to vary from 3-83 to 50-2 
(in arbitrary units), and there appeared to be an 
inverse relationship between the sulphur-content 
of the fibres and their rate of creep. 

In order to discover the cause of these remarkable 
variations in sulphur-content and plasticity among 
the fibres within a single lock of wool, further experi- 
ments have now been carried out with the fibres of 
New Zealand Romney and Lincoln lambs after 12 
and 6 months growth, respectively. The fibres, which 
had been protected with a canvas cover from the 
age of two months, in order to prevent breakage of 
the tips, were taken from the middle line on the 
back of the sheep at the level of attachment of the 
last rib. From the shape of the tip-ends, the fibres 
were classified in the order of their appearance in 
the fleece*, on a plan to which the key was given by 
the late Prof. J. E. Duerden’s discovery of sickle- 
fibres, in his pioneering research in South Africa 
After the fibres had been purified by extraction 
with alcohol and ether, followed by washing in dis- 
tilled water, the rate of creep of their root ends was 
determined in distilled water at 22-2°C. A load of 
6 x 10° gm./cm.? was used with the Romney fibres, 
which were inclined to break at low extensions, but 
the usual load of 7 x 10° gm./cm.? was applied to 
the Lincoln fibres. The average values of k for the 
several groups, which are listed in the order of their 
appearance in the fleece, are given in the accompany- 
ing table. 

It will be seen that there is, in general, an inverse 
relationship between the plasticity of the fibres and 
the order of appearance of the follicles from which 
they are derived. This, in turn, suggests that a 
fundamental distinction between primary and second- 
ary follicles is a difference in their ability to incor- 
porate cystine in the fibres. Confirmation of this 
deduction is now being sought; but the possibility 
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that there are other variations in composition and 
molecular structure is also being examined, because 
variations in plasticity from one kind of wool to 
another are not determined solely by variations 
in cystine content. It is, however, clear that the 
greater homogeneity of merino wool, as regards 
plasticity, is due to the far higher ratio of secondary 
to primary follicles than in cross-bred sheep. 

One of us (R. W.B.) is indebted to the South 
African Council for Scientific and Industrial Research 
for a Research Fellowship. 

F. W. Dry 

Massey Agricultural College, 

Palmerston North, 
New Zealand. 
R. W. Buriey 
J. B. SPEAKMAN 
Textile Chemistry Laboratory, 
Department of Textile Industries, 
University, Leeds 2. 
Oct. 16. 


! Speakman, J. B., Nature, 159, 338 (1947). Ripa, O., and Speakman, 
J. B., Nature, 166, 570 (1 1950); Teat. Resea J., 21, 215 (1951). 
oe va =~ bul Inst. Teat. France, No. 26, 65 (1951). 


? Dry, F. , 24, 7161 (1933); N.Z. J. Agric., 46, 10, 
141, py diese); 48 a sbi (1934). 


Carbonaceous Deposits from Hydrocarbon 
Diffusion Flames 


As a prelude to more general studies on the forma- 
tion of smoke and soot during the combustion of 
coals and their distillation products, some observa- 
tions have been made of the effects of fuel type and 
mode of combustion on the amount and character 
of the carbonaceous matter deposited from flames 
of simple gaseous and liquid fuels. Examination 
of solvent extracts of the carbonaceous matter 
has led to the conclusion that it probably con- 
tained intermediates in the process of carbon forma- 
tion, and was formed from the initially simple fuels 
by a complex process including dehydrogenation and 
polymerization. 

Reversal of coal gas, methane, ethylene and pro- 
pane diffusion flames markedly reduced the luminosity 
of the flames, an effect which may also be brought 
about by combustion under reduced pressures! and 
by dilution of the flames with foreign gases*. For 
the study of deposits the conditions were varied in 
a similar manner, since flame luminosity is dependent 
on solid particles present in the flame. 

Reversed flames with water-cooled, copper targets 
above and uncooled glass walls around them were 
employed, in which the reaction zone was some 
350° C. cooler? than in normal flames of the same 
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size (both air/ethylene flames). As the reversed flame 
is also surrounded by an oxygen-free atmosphere, 
intermediates from the reaction zone had a better 
chance of survival than in the normal : 

With normal flames burning at reduced pressures, 
cooled targets placed above them and cooled traps 
in the pressure reduction line were used. In this 
arrangement rate of passage through the reaction 
zone was higher, so that large molecules were more 
likely to survive in and escape from the reaction 
zone. 

With normal flames at atmospheric pressure, how. 
ever, a cooled target. was inserted in the flame 
envelope, thereby interrupting the carbon-producing 
processes and quenching out intermediates. 

If desired, combustion products could be introduced 
into the fuel stream fed to the normal flame ; the 
cooled target was then above the flame envelope. As 
the partial pressures of the reactants essential to carbon 
formation® were reduced in these diluted flames, condi- 
tions were favourable for the isolation of intermediates, 

The above variations of combustion and sampling 
conditions have been found to have large effects on 
the character and amount of the deposit obtained. 
When carbon formation was reduced, the deposits 
obtained contained appreciable amounts of tarry 
materials, especially in the case of the reversed 
flames. Examples of the way in which the properties 
of the crude tarry material obtained from a reversed 
air/ethylene flame differed from those of the soot 
obtained from a normal diffusion flame of ethylene 
in air (with collecting target above the flame) are 
given in the accompanying table. 

The apparent solubility of the soluble fractions 
of these tarry materials changed with time, a solid 
material slowly accumulating in the initially clearsolu- 
tion. The proportion of the.crude deposit soluble in a 
given solvent varied with the combustion conditions ; 
this was due (at least in part) to variable contamina- 
tion with carbon. For example, the crude deposit 
obtained from the air/ethylene reversed flame was 
approximately 50 per cent soluble in boiling carbon 
tetrachloride, whereas the material collected on a 
cooled target immersed in a norma! diffusion flame of 
methane burning in air at atmospheric pressure was 
40 per cent soluble. The insoluble fraction from the 
air/ethylene flame differed appreciably from soot in 
that its hydrogen content was three or four times 
greater. The insoluble material in the deposits from 
the normal flames at atmospheric pressure, however, 
had a hydrogen content approaching that of soot. 

Some preliminary determinations of the infra-red 
spectra of the soluble fractions of the deposits from 
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the reversed air/ethylene flame are available. These 
establish the presence of carbonyl and associated 
hydroxyl groups. There is also strong absorption 
in the regions 700-900 cm.-? and 2,800-3,100 cm.-?. 
Similar absorption is also exhibited by the soluble 
material from the various flames burning at re- 
duced pressure. The ultra-violet absorption spectra 
from the deposits collected from normal flames 
of methane, ethylene and propane burning under 
reduced pressure all show very similar charac- 
teristics. Decreasing absorption between 2200 A. 
and 4000 A. was exhibited with small, variably 
spaced maxima, some of which occurred at 2875, 
3000, 3350 and 3750 A. 

A more detailed account of these investigations 
is to be published elsewhere. 

We are grateful to Mr. J. L. Hales, of the Chemical 
Research Laboratory, Teddington, for measurement 
of the infra-red spectra of our materials. 


J. R. ARTHUR 
P. K. Kapur 
D. H. NAPIER 


No. 4296 


British Coal Utilisation Research Association, 
Randalls Road, 
Leatherhead, 
Surrey. 
Oct. 2. 


1 parker, W. G., and Wolfhard, H. G., J. Chem. Soc., 2038 (1950). 

‘Arthur, J. R., Nature, 165, 567 (1950), 

*As measured by the Kurlbaum method, see Lewis, B., and Von 
Elbe, G., “Combustion Flame and Explosion of Gases’, Chapter 
19 (Cambridge, 1938). 





Calculation of Surface Areas from Room- 
Temperature Adsorption Isotherms 


ADSORPTION studies currently in progress in these 
laboratories are providing evidence that the applica- 
tion of the Brunauer-Emmett-—Teller method to 
room-temperature isotherms is in certain instances 
liable to lead to substantial errors. The adsorption 
of methanol on lignites at 25° C. presents a case in 
point. 

The isotherms are here generally of the type recently 
described by Jura and Powell’, that is, the rate of 
adsorption falls rapidly to a negligible value as 
monolayer capacity is approached, and subsequent 
adsorption (probably largely governed by swelling of 
the adsorbent) proceeds at a relatively fast and 
constant rate. Monolayer capacities can therefore be 
calculated directly either from the point of inter- 
section. of the two (slightly extrapolated) isotherm 
branches’, or alternatively, as Jura and Powell have 
done, from the point at which the initial rate of 
adsorption has fallen to zero. The two methods are 
formally identical. In either case, however, it turns 
out that whereas the value of 8, thus obtained is in 
very good agreement with that derived from, for 
example, Gregg’s FA-FX plot’, it is up to 50 per 
cent higher than the figure computed from the 
Brunauer-Emmett—Teller graph. The results set out 
in the accompanying table, in which 2, refers to the 
srunauer—Emmett—Teller values and 2, to surface 
areas calculated from the point of intersection of the 
isotherm branches, illustrate this; in all cases, the 
cross-sectional area per methanol admolecule has 
been taken as 12 A.*. 

The fact that &, agrees well with values obtained 
by Gregg’s method whereas £,< 2, affords, in 
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SURFACE AREA OF DRY, ASH-FREE COAL (m.*/gm.) 





Adsorbent 2 =z. | 2s 2 
Bacchus Marsh lignite, 
Jicto 








Vic 269 357 385 270 
Yallourn lignite, 

Victoria 250 348 388 235 
Koeflach lignite, Austria 273 332 334 270 
Salt Range lignite, 

Pakistan 146 197 198 130 

















itself, a tacit indication of a deficiency in the Brun- 
auer-Emmett-Teller treatment. The point can, 
however, be checked by resorting to measurements 
of the heats of wetting of the lignites in methanol 
and converting heat releases to surface areas by 
means of Maggs’s equivalent‘, 1 m.? = 0-1 calorie. 
The resultant values, reproduced in the table as £3, 
are in excellent agreement with those of £,. 
At the present stage of the investigations, one 
cannot be certain about the nature of the deficiency 
in the Brunauer-Emmett—Teller method; it may 
arise from the fact that the method was originally 
worked out in a narrow (and very low) temperature 
region. In any event, this view is supported by the 
observation that the tangent to the point of inter- 
section of the two isotherm branches leads to @ 
value of <= that is virtually identical with the 
Brunauer-Emmett-—Teller estimate (cf. XZ, in the 
table). In other words, the intercept of the tangent 
on the s-co-ordinate (equivalent to the intercept on 
this co-ordinate of the projected linear portion of a 
normal sigmoid isotherm) appears to provide the 
numerical solution to the Brunauer-Emmett—Teller 
monolayer equation. It follows, therefore, that in 
those instances in which the slope of the linear 
portion of a sigmoid isotherm increases with tem- 
perature, the Brunauer-Emmett—Teller method will 
only yield reliable results at very low temperatures 
(where the tangent to the point of intersection of the 
isotherm branches or the linear portion of a sigmoid 
isotherm would both run approximately parallel to 
the pressure axis). 
It is hoped to present a fuller discussion of these 
considerations, and a more rigid analysis of the 
problem, elsewhere in due course. 
N. BERKOWITZ 
H. G. ScHErn 

Powell Duffryn Technical Services, 

19 Berkeley Street, 
London, W.1. 
Sept. 17. 

1 Jura, G., and Powell, R. E., J. Chem. Phys., 19, 251 (1951). 

* Berkowitz, N., and Schein, H. G., Fuel [81, 19 (1952) }. 

* Gregg, S. J., BCURA Conf. Ultrafine Struct. Coals and Cokes, 110 

(London, 1944). 


e =. F. A. P., BCURA Conf. Ultrafine Struct. Coals and Cokes, 95 
(London, 1944). 


Rearrangement of Hexamethy! Acetone 


Durine the course of recent studies concerned 
with the alkylation of isoparaffins, in which hexa- 
methyl acetone was used as one of the reagents, an 
interesting rearrangement of this ketone was ob- 
served. Hexamethyl acetone, benzene, and sulphuric 
acid (s.g. 1-84) were stirred together at room tem- 
perature for 24 hr.; the resulting material was 
purified by distillation and recrystallization. The 
product of the reaction was shown to be a mixture 
of the original ketone and 3: 3 : 4: 4-pentan-2-one. 

The following mechanism is suggested : 
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Further work on this rearrangement is in progress. 
The work was carried out under the auspices of the 
Hydrocarbon. Research Committee of the Institute 
of Petroleum, to which our thanks are due. 
S. Barton 
F. Morton 
C. R. PortER 
Department of Chemical Engineering, 
University of Birmingham. 
Sept. 28. 


An Improved Hydrolytic Procedure for 
Urinary Neutral !7-Ketosteroids 


RESEARCH on the excretion of urinary steroids has 
been handicapped by the lack of a procedure for 
hydrolysing steroidal conjugates without simultaneous 
partial destruction or transformation of the released 
steroids. We have therefore compared the urinary 
neutral 17-ketosteroids obtained by various methods 
of hydrolysis and extraction (for example, Talbot et 
al.1, Hamburger’, Beher and Gaebler’). 

The methods were evaluated by photometric 
determinations of two groups of released steroids, 
namely, the total amount of neutral 17-ketosteroids 
as determined by the modification of Callow et al.‘ 
of Zimmermann’s reaction, and the dehydroiso- 
androsterone fraction, a subdivision of the neutral 
17-ketosteroids, as determined by the D-reaction 
(Jensen‘). 

Two of the seven hydrolytic procedures studied 
were found to be equally good. They gave a higher 
yield, especially of the dehydroisoandrosterone 
fraction, than did the other methods. In one of these 
two procedures use was made of simultaneous benzene 
extraction’ ; in this the urine aliquot is charged with 
one-tenth of its volume of 40 per cent by volume 
sulphuric acid and benzene and heated under a 
reflux condenser for 30 min. The other procedure 
was the routine method of this laboratory, and is 
as follows: to 1/200th of a 24-hr. urinary sample is 
added 1/10th volume of 70 per cent by volume 
sulphuric acid, after which the solution is heated to 
100° C. for 30 min., cooled and extracted with ethyl 
ether. 

Certain observations suggested that these two 
methods also involved a certain amount of destruction 
of steroids. 

Talbot et al. and Bitman and Cohen’ have 
demonstrated that some of the neutral 17-keto- 
steroidal conjugates extracted from urine with 
n-butanol undergo hydrolysis when heated for 4 hr. 
to: 100° C. in a buffer solution of pH 5-5-6-0. As to 
dehydroisoandrosterone, no destruction or trans- 
formation occurred. 

In our investigations, aliquots of urinary specimens 
were adjusted to pH 3, 5, 7, 9 and 11 respectively 
and heated to 100° C. for 2, 4, 6, 8, 14, 30 and 48 hr. 
After heating for 8 hr., the steroids released from the 
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two above-mentioned fractions reached a maximum 
that persisted unchanged for a further 40 hr. heating, 
Variations of the pH between 3 and 11 are thus of 
no importance so far as some of the steroidal con- 
jugates are concerned. 

The pH of the urinary specimens received at this 
laboratory ranged between 4 and 10; most of them 
were acid. We therefore devised the following tech- 
nique. Aliquots of urine were heated to 100°C. 
overnight and extracted with ethyl ether. ‘The 
ether extracts were then purified in the usual manner 
and subjected to an additional washing with 2 \ 
sulphuric acid. The extracted urine aliquots were 
then hydrolysed in the routine manner described 
above. 

Twenty urinary specimens, mostly from patients 
with symptoms suggesting some endocrinic dys- 
function, showed no determinable amounts, by ethy] 
ether extraction and without the use of some prepara- 
tory hydrolységenic method, of compounds pro- 
ducing a specific colour in Zimmermann’s or the 
D-reaction. 

The technique using double hydrolysis gave 100- 
174 per cent (average 119 per cent) neutral keto- 
steroids as compared with the routine hydrolytic 
method. ‘The first hydrolysis gave a dehydroiso- 
androsterone fraction of 100-168 per cent (average 
148-5 per cent) as compared with the routine 
hydrolytic method. The steroidal fraction released 
in the first hydrolysis was 23-6-60 per cent (average 
49-5 per cent) of the total amount of neutral 17-keto- 
steroids obtained by both hydrolyses. 

The dehydrotsoandrosterone fraction amounted to 
0-96 -6 per cent (average 66-0 per cent) of the steroidal 
fraction released by the first hydrolysis and 0-56-9 per 
cent (average 32-7 per cent) of the neutral 17-keto- 
steroids obtained by both hydrolyses. 

Observations recorded in the literature of the 
hydrolysis of urinary conjugates of neutral 17-keto- 
steroids, and our own results, suggest that (a) the 
steroids released in the first hydrolysis are unsaturated 
and have been conjugated as sulphates ; and (6) that 
the fraction of steroids producing a specific colour 
in the D-reaction consists of steroids with a double 
bond connected to an angular carbon atom. 


C. C. JENSEN 
L. E. TérTTERMAN 
Women’s Clinic, 
Malmé. 
Sept. 18. 


1 Talbot, N. B., Butler, A. M., MacLachlan, E. A., and Jones, R. N., 
J. Biol. Chem., 186, 365 (1940). 

* Hamburger, C., Acta Endocrin.. 1, 375 (1948). 

* Beher, W. T., and Gaebler, 0. H., Anal. Chem., 23, 118 (1951). 

* Callow, N. H., Callow, R. K., and Emmens, C. W., Biochem. J., 32, 
1312 (1938). 

5 Jensen, C. C., Nature, 165, 321 (1950); Acta Endocrin., 4, 140 and 
374 (1950). 

*raleet ZX B., Ryan, J., and Wolfe. J. K., J. Biol. Chem., 148, 593 


7 Bitman, J., and Cohen, 8. L., J. Biol. Chem., 179, 455 (1949). 
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Application of Paper Chromatography 
to the Separation and Identification of 
Auxins and Growth-Inhibitors 


ApVANCES in auxin physiology within recent years 
have been limited by continued uncertainty as to the 
identity of the auxins present in various plant tissues, 
and by the absence of reliable methods of separating 
the growth-promoting and the growth-inhibiting 
substances present in plant extracts. The technique 
of paper chromatography, used in conjunction with 
biological tests, would seem to offer a ready solution 
to both these problems. 

In this laboratory chromatograms of ether- or 
water-extracts of plant tissues are developed in 
either water-saturated butanol/ammonia or iso- 
propanol/ammonia. After drying, the chromatograms 
(21 cm. long) are cut transversely into segments 1 cm. 
long. Each segment is placed in a small glass dish 
and covered with 1 ml. distilled water. 17 hr. later, 
ten sections of wheat coleoptiles, cut to a uniform 
length of 2 mm., are floated on the surface of the 
liquid in each dish, and, after incubating at 25°C. 
for a further 24 hr., the length of each section is 
measured with a micrometer eyepiece. The mean 
length of the ten sections in each dish is then plotted 
against the position of the segment on the chromato- 
gram to give diagrams of the type reproduced. In 
these diagrams the central line represents the length 
of thirty control sections : marked peaks to the right 
and left of the line indicate the location of auxins 
and growth-inhibitors respectively. 

A preliminary survey of some plant tissues using 
this technique has revealed the presence of two 
distinct auxins. One of these has an Rp value in 
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butanol/ammonia of 0-35, identical with that of 


indolyl-acetic acid. The other has an Ry of approx- 
imately 0-83. The distribution of these two auxins 
in the various tissues so far examined is shown in 
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Di ms showing location of growth-promo and growth- 

inhibiting activity on pa chromatograms of (@ water extract 

of apple endosperm ; (b) ether extract of broccoli; (c) water 
asparagus berries ; (d) indolyl-acetic acid 
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Rr VALUES IN BUTANOL/AMMONIA OF SOMB AUXINS AND GROWTH- 
INHIBITORS EXTRACTED ¥YROM PLANT TISSUES 




















1 
Material | Auxins Inhibitors 
Pear : swelling fruit-buds | 0-82 0-66 
Apple: endosperm 0°83 0°65 
Grape: developing seeds | v°83 0-68 
Asparagus : unripe fruits | — 0-85 | 066 0-16 
Tomato: stamens 0-84 0°68 
| Tomato: stem-ti 0°83 0°65 
Broccoli: young leaves | 0°82 0°85 0-65 
| Synthetic indolyl-acetic acid 0-35 








the accompanymg table. The chromatogram of 
broccoli extract is of particular interest as it shows 
the presence of both auxins. 

Recent work’ on the auxin of apple seeds (Rr = 
0-83) has shown it to possess many of the properties 
described for auxin 6, but confirmatory evidence of 
this is required. 

In addition to one or other of these two auxins, 
all the plant extracts so far examined contain a 
growth-inhibitor with an Ry value in  butanol/ 
ammonia of about 0-66. The identity and significance 
of this compound remains to be investigated. 

L. C. LuckWwILL 

Research Station, 

Long Ashton, 
Bristol. 
Oct. 6. 


1 Luckwill. L. C., and Woodcock, D., Ann. Rept. Long Ashton Res. 
Sta. 1950, 23 (1951). 


Identification of Octopamine as 
I-p-Hydroxyphenylethanolamine 

So far back as 1940! and again in 1948 %, it had 
been observed that extracts of posterior salivary 
glands of Octopus vulgaris possessed intense 
adrenaline-like actions on blood-pressure and isolated 
organs, when irradiated with ultra-violet light in the 
presence of air. The parent substance of the 
adrenaline-like principle was named ‘octopamine’, 
while the principle itself was called ‘hydroxy- 
octopamine’. 

Pharmacological and chemical investigations (colour 
reactions) showed that octopamine was probably a 
monophenol derivative, with an amine group in the 
side-chain; thus the possibility of identifying it 
with N-methyltyramine was considered. The exist- 
ence of octopamine in the salivary extracts of Octopus 
vulgaris and its individuality have recently been 
confirmed through paper-chromatographic work’. 
This work has now been extended and completed 
by the pharmacological study of eluates of the 
octopamine spots. 

Our investigations show that octopamine is 
l-p-hydroxyphenylethanolamine, and hydroxyocto- 
pamine is /-noradrenaline. 

The first step consisted in ascertaining the mono- 
phenolic nature of octopamine. Apart from the 
remarkable results of pharmacological. experiments 
(close resemblance of the actions of octopamine and 
of sympathomimetic hydroxyphenylamines on the 
blood-pressure and on isolated organs), proof of the 
monophenolic constitution of the substance was 
afforded by some twenty selected colour reactions 
on octopamine spots and, in the test tube, on eluates 
of such spots. 

While, on one hand, all the specific reactions of 
dihydroxyphenyl derivatives and all the specific 
reactions of indol derivatives and hydroxyindol 
derivatives were negative, on the other hand, all 





376 


reactions of monophenols were positive. Among the 
latter the coupling reaction with diazonium salts, in 
alkaline medium, the Folin—Ciocalteu reaction, the 
Millon reaction, the Gerngros—Voss—Herfeld reaction 
and the Gibbs reaction may be mentioned. 

Another important step forward was made 
possible through the study of the shades of colour 
shown, on paper, by the spots of numerous pure 
synthetic monohydroxyphenylamines, when using as 
developing agents the diazonium salts of sulphanilic 
acid or p-nitroaniline or the Gibbs. reagent. The 
colour tones of spots obtained with hydroxypheny]l- 
alkylamine derivatives (tyramine, hordenine, pare- 
drine, paredrinol) were clearly different from those of 
spots obtained with hydroxyphenylalkanolamine de- 
rivatives (synephrine, m-synephrine, norsynephrine, 
m-norsynephrine, p-hydroxyephedrine, m-hydroxy- 
ephedrine, m-hydroxynorephedrine). 

In this connexion, the behaviour of octopamine 
was always exactly the same as that of hydroxy- 
phenylalkanolamines. 

On the basis of these results, special attention was 
naturally given to hydroxyphenylamines having an 
alcoholic hydroxy group in the «-position of the 
lateral chain. That octopamine was identical with 
p-hydroxyphenylethanolamine and different from all 
other hydroxyphenylalkanolamines examined was 
clear after the first chromatographic runs. 

Up to the present, more than twenty different 
solvents and mixtures of solvents have been used. 
For all of them the Ry values of octopamine (con- 
centrated eluates of octopamine spots) agreed per- 
fectly with the Rr values of dl-p-hydroxypheny]l- 
ethanolamine (norsynephrine), and in ‘mixed’ chrom- 


atograms, uni- and bi-dimensional, the octopamine 
spots were always exactly superposed on those of 
norsynephrine, thus constantly giving strictly unique 
spots. 
Having identified octopamine as norsynephrine, it 
na obvious to expect that hydroxyoctopamine could 
be identified as hydroxynorsynephrine, namely, as 


noradrenaline. 
experimentally. 

Eluates of octopamine spots from numerous uni- 
dimensional chromatograms were irradiated with 
ultra-violet light in the presence of air and then, 
after concentration, re-chromatographed. Besides the 
usual solvents and developing agents, solvents and 
reagents especially suitable for chromatographic 
separation and development of catechol derivatives 
were .also used (phenol saturated with water, 
butanol + acetic acid; potassium ferricyanide, 
iodine, Wood’s light). Comparison chromatograms 
were run with epinine, noradrenaline and adrenaline. 

In this way it was possible to establish that, 
parallel with the fading of the octopamine spot, a 
clear cacecholic spot appeared and became intensified 
on the chromatograms of irradiated octopamine 
eluates. Owing to its Rp value, its behaviour on 
‘mixed’ chromatograms, and its colour and fluor- 
escence reactions, this spot was identified as nor- 
adrenaline. 

Octopamine eluates caused pharmacodynamic 
effects on the blood-pressure and on the nictitating 
membrane of the spinal cat, which were qualitatively 
the same as those due to norsynephrine. Quantita- 
tively, they appeared to be twice as active as dl-nor- 
synephrine solutions, giving a Pauly colour reaction 
of the same intensity. This leads to the assumption 
that octopamine represents the levorotatory stereo- 
isomer of norsynephrine. 


This assumption was confirmed 
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Irradiated octopamine eluates showed, in their turn, 
pharmacological actions which were qualitatively the 
same as those of irradiated norsynephrine solutions, 
and very similar to those of noradrenaline solutions. 

Equipressor doses of irradiated octopamine eluates 
and of irradiated norsynephrine solutions proved 
equally active on the nictitating membrane of the 
cat, before and after cocaine, on the dicestrus uterus 
and the colon of the rat, as well as on the small 
intestine of the rabbit. Similar results were obtained 
with equipressor doses of irradiated octopamine 
eluates and of untreated noradrenaline solutions. In 
this connexion, however, one must bear in mind 
that not only hydroxyoctopamine, that is, nor- 
adrenaline, is present in irradiated octopamine 
eluates, but also unaltered octopamine. It has 
always been easy to distinguish hydroxyoctopamine 
from adrenaline also by pharmacological tests. 

The probable origin of octopamine and its sig- 
nificance in the biosynthesis of noradrenaline‘ will 
be discussed when the complete account of this work 
is published. 
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V. ERSPAMER 
Pharmacological Institute, 
University of Bari. 
Sept. 15 

1 Erspamer, V., Arch, Sci. Biol. (Napoli), 26, 443 (1940). 
* Erspamer, V., Son a 4, 224 (1948). 
* Bogemer. V., and Bore , Exper., 7, 271 (1951); Arch. Ini, 

harmacodyn., 88, 256 tsi. 


* Blaschko, H., Burn, J. H., and Langemann, H., Brit. J. Pharmacol., 
5, 431 (1950). 


Atmospheric Pollution and Plant Growth 


A RECENT review of the literature relating to gas 
damage to plants! refers to many works on the effects 
of sulphur dioxide and other gases. Few of these 
works deal with the direct effect of gaseous atmo- 
spheric pollution on plant growth, although most 
authors claim that the results are relevant to this 
question. 

Although sulphur dioxide is the commonest and 
usually the most abundant polluting agent, experi- 
ments with this gas have shown* that, under the 
conditions employed, there is no effect on yield unless 
the concentration is high enough to cause leaf injury. 
With concentrations below this level, there is no 
detectable deleterious effect on the growth of plants 
even with a period of twenty-five days treatment 
(l.c.). 

Investigations are in progress in this Department 
to determine the effect of atmospheric pollution on 
plant growth, and particularly on certain pasture 
species. Two experimental greenhouses have been 
constructed at the Experimental Grounds of the 
Botany Department at Fallowfield, Manchester. One 
receives the polluted air existing at this site; the 
other receives similar air after it has passed through 
a filter and water scrubber. The main experimental 
material has been the strain of rye (Lolium 
perenne L.) known as ‘Aberystwyth S23’, although 
other species have been used. 

In Table 1 are set out the results obtained with 
$23 ryegrass grown in beds in the greenhouses. Two 
soil fertility levels, designated ‘high’ and ‘low’, were 
used in this series of experiments. Treatment with 
purified air gave, with one exception, a dry weight 
considerably higher than treatment with polluted air. 

These results cannot be attributed either to differ- 
ences in temperature and humidity, or to the position 
of the’greenhouses. 
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Table 1. 
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$23 RYEBGRASS: COMPARISON OF TREATMENTS WITH PURIFIED AND POLLUTED AIR 
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Duration 
in days 


Date of 


Initial condition 
of S23 commencement 


Soil 
fertility 
level 


Difference be- 
tween means 
cant at the 
= 0-05 level 


Polluted air : | Difference 
mean dry wt. a 
eat 


Scrubbed air : 
mean dry wt. 
per plan 


No. of 
plots per 


ouse 


per plant 
(mgm.) 


: 





Seed Aug. 10, 1950 46 
$rd leaf stage Oc 6, 1950 75 


Sec. growth of Expt. 2) Dec. 20, 1950 81 
Srd leaf stage March 16, 1951 77 
Seed June 65,1951 63 


High 
High 
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* + Standard error of mean. 


No sign of leaf damage could be detected in the 
nhouse with polluted air. This fact, and other 
evidence, would seem to indicate that pollution de- 
creases the growth-rate, even in the absence of visible 
leaf injury. Earlier workers inferred that unless leaf 
injury was manifest there were no other deleterious 
effects. 


Table 2. DAILY MEAN CONCENTRATIONS OF SULPHUR DIOXIDE 
(PARTS PER MILLION) 





ze. < 
ays a 

01-02 
p.p.m. 


No. of No. of | No. of 
days at days at 
below 0-04- 
0-01 0-06 
p.p.m. p.p-m. 


Total No. 
of days 





vil 24 4 Nil 
il 20 44 2 
20 3 





























The pollution factor causing this effect on growth- 
rate is not known. Records of the daily mean con- 
centration of sulphur dioxide at the experimental 
site have been kept since January 10, 1951, and are 
summarized in Table 2. Sulphur dioxide was present 
in the ‘normal’ air throughout the periods of the 
experiments, usually in concentrations between 0-01 
and 0-06 p.p.m. The daily mean concentrations 
were always well below the values reported to cause 
visible leaf damage. 

Some field-experiments were also carried out. 
Plants grown in plots of standard soil in localities 
receiving different levels of pollution have been re- 
ported to give striking results*. Similar results have 
been obtained in standard soil plots at various 
localities around Manchester, and these plots are 
being used to study the effect of atmospheric pollu- 
tion on the winter hardiness of different species of 
plants (see photograph). 

-,This work is being continued and a fuller account 
is being prepared for publication. 


Typical plants of $28 ryegrass pows in plots of standard soil 
in localities recetving different levels of atmospheric pollution. 
Planted November 1. 1950; photographed April 19, 1951. 
A, from pure air; B, from suburban air; C, from Manchester 
air (near centre) 


I wish to acknowledge the grants made by 
the Agricultural Research Council and Manchester 
City Health Department that have made this work 


possible. 


Department of Botany, 
University of Manchester. 
Nov. ll. 
‘Thomas, M. D., “Ann. Rev. Plant Phystol.”, 2, 293 (1951). 
* Setterstrom, C., Zimmerman, P. W., and Crocker, W., Contr. Boyce 
Thompson Instit., 9, 179 (1938). 
* Crowther, C., and Steuart, D. W., J. Agric. Sci., 6, 395 (1914). 


J. K. A. BLEASDALE 


Discovery of Cryptolemus montrouzieri 
Mulsant (Coccinellidz, Coleoptera, 
Insecta) in Bangalore, South India 


Cryptolemus montrouziert Mulsant (Coccinellide, 
Coleoptera), which was imported in 1892 by Albert 
Koebele! into California from Australia to attack the 
citrus mealybugs, is a well-known predator on differ- 
ent mealybugs and is second in importance only to 
Rodolia cardinalis Mulsant. A considerable literature 
has accumulated on its importation into and coloniza- 
tion, later in various countries such as France, Italy, 
Egypt, Philippines, Hawaii, etc., for dealing with 
various mealybug pests, particularly Pseudococcus 
spp. attacking different plants. 

In July 1951, the appearance of this predator in 
large numbers in its late larval and pupal stages on 
the trunks of Araucaria pines around Bangalore was 
noted. In this connexion it is interesting to note 
the occurrence of this predator in Australia, its 
native home: ‘Froggatt (‘Australian Insects’, 211 ; 
1907) speaks of this insect as frequently swarming in 
‘thousands upon the trunks of scale-infested Araucaria 
pines, pupating in such numbers that they form large 
white patches over the tree trunks’’’*. What was 
observed in Bangalore on the Araucaria pines was 
no less spectacular. 

Observation showed that this predator was common 
wherever mealybugs (Pulvinaria spp. and Pseudo- 
coccus spp.) were found, and was particularly abund- 
ant on Pulvinaria psidii Maskell, attacking guava 
and mango ; in fact, it was scarcely possible to obtain 
this mealybug free from Cryptolemus from the guava 
and mango gardens around Bangalore. Collections 
in the Mysore State Entomology Division showed 
them as having been taken in 1940 on mealybugs 
in Bangalore. 

So far as we can find, there is no published evidence 
of the importation of Cryptolemus into or its 
occurrence in India. Dr. A. P. Kapur, a specialist 
on Coccinellidw in India (with whom we have had 
correspondence), says, “I have failed to find any 
reference about its [Cryptolemus] importation into 








NATURE 


March 1, 1952 











378 VOL. 169 
India. . . . I do not think any work has been eee 
done on it in India’. It may be of interest in this Specimen Name Sex Antennal joints 
connexion to quote Dr. C. P. Clausen, of the Division bs ES ES, GRA. Lhe Dat er 
of Biological Control, Riverside, California, from 1 Bracon sp. on 
correspondence dated September 11, 1951: ‘With a Te ees sy 
regard to the importation of Cryptolemus into India L ” ” » i 18 
I find upon referring to my card files that there is i - " _ a 
a notation on the card stating simply ‘Howard 5 ‘ ‘4 i. a 6 | 
1898’. I have not yet been able to locate any pub- . Bracon sp. on ae «| ian. 
lication by Howard on this date containing the record Adisura atkinsoni : 
mentioned and it is very possible that the informa- ~~ Tenele se . 27 


tion was obtained from the files of his correspondence 
which I had occasion to examine and which contained 
records of many shipments that were not reported in 
publications’. 

During a stay in the United States, one of us 
(M. P.) had occasion to look into certain index cards 
in the Division of Foreign Parasite Introduction, 
U.S. Department of Agriculture, Washington, D.C., 
by permission of Dr. C. P. Clausen, and found a list 
of parasites and predators imported into India at 
various times. C. montrouziert was included in the 
list as imported into India in 1898, with the com- 
ment, “‘not established”’; this is the file of cards to 
which Dr. Clausen refers to above. 

Although it seems almost certain that this pre- 
dator was imported into India towards the end of 
the last century, it is not known who introduced it 
and at whose instance. The only evidence of its 
importation into India is the comment on the index 
card referred to above. However, it is very well 
established around Bangalore ; and it is strange that 
this important predator has been unnoticed in India 
for.so many years. Studies on its biology, ecology, 
host-range and possibilities of mass-rearing and 
liberation in places where it does not exist, etc., are 
in progress and will be published elsewhere. 

We are indebted for identification of the predator 
to Dr. E. A. Chapin, of the U.S. Department of 
Agriculture, Washington, D.C., through the courtesy 
of Dr. C. P. Clausen and Dr. C. F. W. Muesebeck. 

M. PuTraRUDRIAH 
G. P. CHANNABASAVANNA 
B. Krisuna Morti 
Division of Entomology, 
Department of Agriculture, 
sieges Nov. 28. 


1 Essig, E. “Insects of Western North America”, 415 (Macmillan 
Co., or York, 1926). 

* Williams, Francis X., “Handbook of Insects and other Invertebrates 
of Hawaiian Sugarcane Fields”, 185 (Hawaiian Sugar Planters 
Association, Honolulu, Hawaii, 1931). 


Variation in the Number of Joints of the 
Two Antennz2 in Individuals of Bracon 
spp. (Braconidz, Hymenoptera) 

THERE have been numerous records in the literature 
of teratological insect specimens; but, so far as we 
are aware, no reference occurs of an insect possess- 
ing antenne with unequal number of joints on the 
two sides, affecting its bilateral symmetry. 

Muesebeck!, Lal? and Cherian and Margabandhu* 
regard the number of antennal joints as one of the 
important characters in the determination of Bracon 
hebetor Say and B. brevicornis Wesmael. In the course 
of examination of a number of these parasites reared 
on Corcyra cephalonica Staint. in mass cultures here, 
a few specimens were found showing the unique 
feature that pairs of antennze of the same insect 
possessed different numbers of joints. A similar 

















* See photo. 


instance was also noticed in the case of another species 
of Bracon reared on Adisura atkinsoni Moore (the 
Lablab pod-borer). 

The difference noted in the antennal joints of the 
insects is shown in the accompanying table. In each 
case, there is a difference of one joint in the antennz 
of the two sides, excepting specimen No. 4, in which 
the difference is two. This finding led to an examina- 
tion of naturally occurring Bracon specimens collected 
from food-grain go-downs around Bangalore, and also 
from Corcyra-rearing cupboards in the T'richogramma 
Parasite Laboratory at Mandya. The specimens 
showing difference in the number of antennal joints 
were found to be the more common. Further, a 
similar difference was also noted in Bracon brevicornis, 
Wesm., on Nephantis serinopa, Meyr., received from 
the Government entomologist, Coimbatore. In all 
these cases, the difference noted was one joint. 





Head with the antennz of Bracon sp. on Corcyra cephalonica St. 
The numbers indicate the number of quttunet joints 


These observations are of interest since the number 
of antennal joints forms one of the important tax- 
onomic characters in the determination of many 
species of insects ; and differences in the number of 
antennal joints in the same specimen vitiate the use 
of this character. 

The accompanying photograph was made by Mr. P. 
Raghuram, artist of the Department. Our thanks 
are due to Mr. B. Krishna Murti, Government 
entomologist, for critically examining the slides and | 
for constructive criticism. 

M. PuTTaRUDRIAH 
G. P. CHANNABASAVANNA 
Division of Entomology, 
Department of Agriculture, 
Bangalore, India. 
Sept. 7. 
1 Muesebeck, C. F. W., Proc, U.S. Nat. Mus., 67, 1 (1925). 
* Lal, K. a ene oe oan 8, (1), 85 (1946). 


oa, d Margabandhu, V., J. Bomb. Nat. Hist. Soc., 
BO) 336° (1949). 
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vo.a206 March 1, 1952 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 3 


UNIVERSITY OF LONDON (at the London School of Economics an 
Political Science, Houghton Street, Aldwych, London, W.C.2), 8 
5 pm.—Dr. N. Keyfitz: “Application of Sampling Theory 
(Further Lectures on March 10 and 14.) 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
ScIENCE GROUP (in the Council Room, University College, Gower 
Street, London, W.C.1), at 5.30 p.m.—Annual General Meeting. 

SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION “et a Chemical 
Society, Burlington House, Pic cadilly, London, W. Nig fe p.m.— 
Mr. A. Dinsdale: “Recent Progress in Ceramics 

PHARMACEUTICAL SocreTy (at 17 Bloomsbu Square, London, 
W.C.1), at 7.30 p-m.—Mr. Brian Stanford: “The Use of Films in 
Science Teaching”. 

UNIVERSITY OF LONDON (at Py College, : Buildings, 
London, E.C.4), at 8 p.m.—Prof. J. Bernal, F.R.S.: “Science and 
English —_ in the Picken Ad Century”. e (Further Lecture 
on March 10. 


Tuesday, March 4 


CHADWICK PUBLIC LECTURE (in the Sir Edward Meyerstein Lecture 
Theatre, Westminster Medical School, 17 a Road, London, 
8.W.1), at 5.80 p.m.—Lieut.-Colonel E. Mackenzie: “The 
Prev ention of Dental Caries by the Adminiatestion ‘of Fluorine in Public 
Water Supplies”’.* 

ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford Square, 
London, W.C.1), at 5.30 p.m.—Dr. Ivan Polunin : oe 
Problems encountered during a Disease Survey of Malayan Aborigines 

SHEFFIELD METALLURGICAL ASSOCIATION (at the Grand Hotel, 
Sheffield), at 7 p.m.—Dr. G. M. Robertson : “Some Recent Develop- 
ments in the Use of Metals at High Temperatures”’. 

SocIETY OF DYERS AND COLOURISTS, WEST RIDING SECTION (at the 
Metropole Hotel, Leeds), at 7.15 p.m.—Mr. T. Thorne Baker : ““Fluor- 
escent Dyestuffs and the Application of Fluorescence to Textiles”. 

ROYAL SOCIETY OF MEDICINE, PATHOLOGY SECTION (at 1 Wim 
Street, London, W.1), at 8.15 p.m.—Symposium on “The Conti ba: 
tions of Electron Microscopy Pathology” (Speakers: Dr. A. 8 
McFarlane, Prof. J. T. Randall, F.R.S., Dr. R. Backus, Mr. M. 8. C. 


Birbeck). 
Wednesday, March 5 


ROYAL MICROSCOPICAL SOCIETY, BIOLOGICAL rig (at Tavi- 
ay House South, Tavistock Square, London, W.C.1), at 6 p.m.— 
A. G. Everson Pearce: “Some Techniques of ache Enzyme 
Histochemistry and their Application”. 
MANCHESTER METALLURGICAL SocrETY (at the Engineers’ Club, 
Albert Square, Manchester), at “Pan. A. J. W. Moore: “The 


Surface Structure and Friction of Metals’ 

SocIETY FOR VISITING SCIENTISTS (at ‘5 Old Burlington Street, 
London, W-t), = 7.30 p.m.—Discussion on “The Value of New 
Techniques in ery Biology” (Speakers: Prof. John E 
Runnstrém, ror tuart Mudd, Prof. J. ¥F. Danielli). 

Thursday, March 6 

ROYAL Socrety (at Burlington House, Piccadilly, London, W.1), 
- Ae ag p.m.—Dr. D. P. Cuthbertson: “The Rowett Research Insti- 
ute”’. 

LINNEAN SocreTY OF LONDON (at Burlington House, Ficcuminy. 
London, W. ». at 5 p.m.—S um i. eh tae gg nae (Speakers 
Prof. F. G. Gregory, F.R.5., Te Wareing, Mr. D. . J. Carr, Dr. 
W. W. Schwabe, Dr. O. N. wa 

BRITISH GLACIOLOGICAL Society (in the eee “3 ¢ Geography, 
Downing Place, Cambridge), at 5.30 m.—Dr. insson 
“Some Kew Aspects on the Grimsvotn roblem’”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, Victoria 
Embankment, ——. W.C.2), at 5.30 p.m.—Mr. W. ¥ A. 

D. Edmundson, Mr. R.'G. A. Dimmick and Mr. iG. 8.C. Li 
Graduate Activities = Electrical Engineering”. (The Disvesion will 
be opened by Prof. Willis Jackson.) 

ROYAL AERONAUTICAL rang ¢ (at the Institution of Civil Engineers, 
Great George Street, Lenten, | 8.W.1), at 6 p.m.—Mr. J. D. Hayhurst : 
“A Study of Airport 

TEXTILE seinen pel meeting with the MANCHESTER SECTION 
of the SocrrTY OF DYERS AND COLOURISTS, at the Textile Institute, 
16 St. Mary’s Parsonage, Manchester), at 6.30 p.m.—Dr. A. Landolt : 
“Modern Chemical Finishes on Cellulosic Materials’’. 

Friday, March 7 

Society OF CHEMICAL INDUSTRY, CHEMICAL ENGINEERING GROUP 
(joint meeting with the PLASTICS AND POLYMER GROUP, at the Institu- 
tion of Electrical Engineers,- Savoy Place, Victoria Embankment, 
London, W.C.2), at 10 a.m.—Conference on ““The Mechanical Properties 
of Plastics”, 

ROYAL INSTITUTE OF PHILOSOPHY (at a ag oe Hall, 6 ‘oun 
Square, London, W,C.1), at 6.16 p.m.—Mr. J. D. Mabbott: “Man 


and see oe ten 

SOCIETY OF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS 
(at the Chemical Society, Burlington House, Piccadilly, London, 
W.1), at 5 p.m.—Annual General Meeting ; at 5.30 p.m.—The Hon. 
Mr. Justice Lloyd-Jacob : The Bernard Dyer Memoria! Lecture. 

UNIVERSITY OF LONDON (in the Physiology Theatre, University 
College, Gcwer Street, London, W.C.1), at 5.30 p.m.—Prof. J. 
pe = “Cell Physiology and Pharmaco! acology, 2, The Distinct Nuclear 

Cytoplasmic Actions of Drugs’’. 
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SOCIETY OF DYERS AND C ateaee (at the Midland Hotel, Man- 
chester), at 7.30 p.m.—Dr. Rowland Hill: “Synthetic Fibres in 
Prospect and Retrospect” (Second George Douglas Lecture).* 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
‘ i .—Prof. J. T. Randall, F.R.S.: “Some Fibrous Structures in 

logy”. 


Saturday, March 8 


LONDON County COUNCIL (at the Horniman Museum, London Road, 
Forest Hill, London, 8.E.23), at 3.30 p.m.—Mr. Alfred Leutscher : 
“British Reptiles”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appoin‘ments on or 
before the dates mentioned : 

BIOCHEMIST (honours science graduate) Bring | for research 
duties in the Geriatric Department of the Sunderland Hospital Group, 
mainly at the General Hospital, Sunderland—The Senior A 
trative Medical Officer, Newcastle Ri mal Hospital Board, se ythe- 
wood South, Osborne Road, Newcastle-upon-Tyne 2 (March 8). 

LECTURER IN BACTERIOLOGY, and a LECTURER IN PATHOLOGY— 
The Professor of Pathology, St. George’s Hospital Medical School, 
Hyde Park Corner, London, 8.W.1 (March 8). 

PHysicaL CHEMIST (Principal Scientific Officer grade) with ex- 
perience in reaction kinetics, combining ra experience with a 
good theoretical, physical or ‘mathematica. background, at a Ministry 
of Supply Research Establishment near London—The Ministry of 
Labour and National Service, Technical and Scientific Register (x). 
joe 26 King Street, London, 8.W.1, quoting F.66/52A 

re 

SENIOR LECTURER IN HORTICULTURE—The Secretary, Edinburgh 
and East of comes College of Agriculture, 13 George Square, Edin- 
burgh 8 (March 

PLANT Pineaaseiee (Scientific Officer grade), initial on | for work 
mainly on diseases of watercress—The ag — Vegetable 
Research Station, Wellesbourne, Warwick (Mare (Marc 

SCIENTIFIC OFFICER (with a good honours a _ botany or agri- 
cultural- botany, preferably with some research experience) to be in 
charge of the Information Section of the Unit of rimental 
Agronomy at Oxford, which indexes and abstracts literature relating 
to herbicides and arboricides—The Secretary, Agricultural Research 
Council, 15 Regent Street, London, 8.W.1 (March 11). 

SENIOR LECTURER or LECTURER IN HiSTOLOGY AND EMBRYOLOGY 
» the Department of Veterinary Anatoimy—The Secretary, Royal 

Veterinary College and Hospital, Roya) College Street, London, 

N.W.1 (March 14 

” "ASSISTANT LECTURER IN — —The Registrar, The Uni- 

versity, Manchester 13 (March 15) 

Computer for skilled work in theoretical p oy Secretary, 
University College, Gower Street, den, W.C.1 (March 15). 

LECTURER or ASSISTANT LECTURER IN BACTERIOLOGY—The Secre- 

, University Court, The University, Glasgow (March 15). 

HYSICIST (Principal Scientific Officer grade) with gr of 
the modern theories of the structure of wetals, crystals, etc., at a 

try F Supply Research Establishment near London—The 
Ministry of Labour and National aye Technical and Scientific 

Register ~ Almack House, 26 King Street, London, 8.W.1, quoting 
A.27/52A (March 15). 

LECTURER (Junior scale) IN eo lila Registrar, King’s 
College, Strand, London, W.C.2 (March 2 

RESEARCH OFFICER ( Geomorphologist), Land Research and Regional 
Survey Section, Canberra, as a member of a scientific survey team 
which is conducting broad surveys of large regions in Northern 
—— Chief Scientific Liaison Officer, Australian Scientific 
Liaison Office, a House, Kingsway, London, W.C.2, quoting 
No. 3753 Match 22). 

SENIOR LECTURERS (2) with a good science degree, preferably in 
pmo gO —— or biochemistry, and food technol a with 
several y rience in one or more of the major food 
and LECTURERS (3 2) with a good science degree, preferabl. y in cnuniece, 
Ratios or biochemistry, and experience in the food industry, AT THE 

NATIONAL COLLEGE OF FOOD TECHNOLOGY, London, E.C.1—The 

Secreta (F.E. Branch, Division IIIA), Ministry of Education, 
Curzon Street, London, Wl (March 24 

INDUSTRIAL CHEMISTS and CHEMICAL ENGINEERS in the Admiralty 
and Ministry of Supply: Admiralty—five posts in the Armament 
Supply Department Chemists Pool in the Propellant and Cordite 
Factories at Caerwent and Holton Heath, and one t of CHEMIST in 
the Victu Department at Risley ; Ministry of Supply—25 posts 
in the Royal Ordnance Factories at Bridgwater, Pembrey, Bishopton, 
Irvine, Chorley, Swynnerton, Glascoed, in the Atomic Energy Estab- 
lishments at Capenhurst and Risley, and in ae Departments 
of the R.O.Fs. Inspectorates and Production Inspectorates in the 
London area—The Secretary, Civil Service Commission, Scientific 
Branch, Trinidad House, Old Burlington Street, London, W.1, quoting 
8. 4124/52 (March 27). 

MECHANICAL PRODUCTION ENGINEER in So Post Office Engineering 
Department (Research Branch), lis London, N.W.2—The 

Civil Service Commission, Scientific ain, House, Old 
Burlington “Street, London, W.1, quoting 8. 4127 7/52 (March 27). 

CURATOR (with a university degree or its equivalent in e 
and/or naval architecture) OF THE DEPARTMENT OF SHIPBUILDING 
AND ENGINEERING in hay Glasgow Museum, Kelvingrove—The Town 
Clerk, City Chambe' Seer. endorsed ‘Curator of Shipouilding 
and E eering’ (Mareh 

GOLDSMITHS’ COMPANY’ + CHAIR OF BACTERIOLOGY at the London 
Hospital —, College—The Academic Registrar, University of 
London, Senate Hi ge 8 London, W.C.1 (A’ 7). 


Square, London, W.C.1 (Adelaide, April 15). 
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CHAIR OF ANATOMY, and the CHAIR OF PHYSIOLOGY, at the Univer- 
sity College of Khartoum—tThe Secre' a Inter-University Council 
Pe a i Education in the Colonies, 1 Gordon Square, London, 

RESEARCH aentite IN THE DEPARTMENT OF APPLIED MATHE- 
matics for theoretical work on upper atmospheric physics—The 
reerae. of Applied Mathematics, Queen’s University, Belfast 

pril : 

CHAIR OF METEOROLOGY at the Imperial College of Science and 
Technology—The Academic — University of London, Senate 
Hlouse, London, W.C.1 (A 

1.C.1. PROTEIN RESEARCH + la for research on the chem- 
ar, 3 _— proteins—The Registrar, The University, Sheffield 10 

RESEARCH eg te my Ai pendent research—The Registrar, 
The a Reading ( 3). 

AREA CHIEF SCIENTIST oun a good honours degree with experience 
in fuel technology, ag scientific control, and laboratory ad- 
ministration), No. 5 Area, East Nottingham—The Secretary, 
National Coal Board, East Midlands Division, Sherwood Lodge, 
Arnold, Nottingham, endorsed ‘S.V.177’. 

ASSISTANT (with a university degree in agriculture) 
IN THE AGRICULTURAL er se Director, Experiment 
Station of the South African Sugar Association, Mount Edgecombe, 
Natal, South Africa. 

ASSISTANT EXAMINING OFFICERS (temporary) IN THE jm Bly oy regen 
DEPARTMENT of the Admiralty (applicants should t- or 
second-class honours degree of a British ayy with aanetry 
as the principal subject, or pes vase or fellows! = of the R.I.C., 
and have had postgraduate experience in (a) provisi (canned food- 
—_ cereals, etc.), (b) clothing (textile piece yond foot- 

wear, uniform clothing, etc.), or (c) m ( ve Monn cooking 
psen pow etc.) }—The Ministry of Labour and National — Tech- 

ical and Scientific er (K), Almack House, 26 King Street, Lon- 
= 8.W.1, quoting F.60/5 1A/LA. 

ASSISTANT aw Lh nrg OFFICER IN THE ASSAY DEPARTMENT, 

to undertake laboratory work concerned with ensuring that coins 
produced in the Mint conform with the composition prescribed by 

and to assist generally in cove, and research work—The 
Deputy Master, Royal Mint, Tower Hill, London, E.C.3 

SSISTANT MECHANICAL ENGINEER (preferably ating ‘a university 

with wide practical e: Catal 

Cana 


or second-class honours degree in chemical e 

istry with a postgraduate nage in chemical engineeri: 
ualification) at a Ministry of Supply Research an * Development 
tablishment in South-West Engiand—The Ministry of Labour and 

National Service, Technical and Scientific ——— (K), Almack House, 

26 King Street, London, S.W.1, quoting F.953/51A. 

COTES RESEARCH FELLOWSHIP in protein chemistry—Dr. E. R. 
Roberts, Chemistry Department, Imperial College of Science and 
Technology, South Kensington, London, 8.W.7. 

DEPUTY CHIEF ENGINEER at a Ministry of Supply Design Establish- 
ment in Surrey, to be fee ay ver od for the technical administration of 
the Division caniged tn e design and development, up to the early 
a arya roduction or of wheeled vehicles used by all arms of the Fighting 

e Ministry of Labour and National — Technical 
and Scientine Register (K), Almack House, 26 King Street, London, 
$.W.1, quoting C.90/52A. 

ELECTRO-CHEMIST to undertake the design and development of 
electro-chemical instruments of various types including those for the 
measurement of pH, conductivity, polarography, etc.—The Ministry 
of Supply, Division of — Energy (Production), Risley, Warring- 
ton, Lancs, quoting Ref. 

ENGISEER (Technical ‘Grade I) at a Ministry of Supply establish- 
ment in London, to be responsible, under direction, for the detailed 
planning and layout of plant and equipment for specialized —_ 
tions of electro-deposition, and to maintain liaison between scientific 
and cocaine © staffs—The Ministry of Labour and National i 
Technical and Scientific Register, (K), Almack House, 26 King Street, 
London, 8.W.1, quoting D.71/52A 

ENGINEER at a Ministry of Supply Establishment in Farnborough, 
to take charge of a gun installation section engaged on installation 
designing, blast investigations, cartridge case and link ejection, and 
gas contamination, general charge of a firing range—The Ministry 
of Labour and National Service, Technical and Scientific Register 

a fa House, 26 King Street, London, 8.W.1, quoting 
€.101/52A 

ENGINEER (with good knowledge of turbines, boilers, eo} for large 
power stations) in the office of the Agent-General for N.S, .W., London 
—The Agent-General for New South Wales, 56 Strand, ‘London, 
W.C.2, endorsed ‘Engineering Appointment’. 

GEOLOGISTS IN THE MINES DEPARTMENT of South Australia - 
(a) SENIon GEOLOGIST (Hydrology) with at least seven years hydro- 
logical and geological experience, (6) GEOLOGIST (Hydrology) with 
several years geological and hydrological experience, (¢c) GEOLOGIST— 
The Agent-General for South Australia, Marble Arch, London, W.1. 
“@RESEARCH CHEMIST, for laboratory investigations in flour milling 
technology—The Director, Research Association of ri tish Flour 
Millers, Cereals Research Station, Old London Road, Albans. 

RESEARCH OFFICER (with university degree with venti or equiva- 
lent qualifications) to undertake some fundamental studies into starch 
protein dispersions in a flour-water dough, at the School of Applied 
Chemistry, New South Wales University of Technology, Sydney— 
The Director, Bread Research Institute of Australia, 111 Pacific High- 
‘way, North Sydney, Australia. 

ScIENTIFIC OFFICER (with a first- or second-class honours degree 
in physics or chemistry, or equivalent qualification, and at least three 
years postgraduate experience in a research organization) at the 
Atomic Energy Kesearch Establishment, Harwell, to work on term 
analysis of complex spectra and to assist in work on isotope shifts and 
hyperfine structure—The Ministry of Labour and National "Set 
Technical and Scientific By oH (x), Almack House, 26 King S 
London, 8.W.1, quoting #.89/52A 


, or equivalent 
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SCIENTIFIC OFFICERS IN THE RESEARCH AND DEVELOPMENT sho 

— pat ny! Culcheth, to pe mage ng 
e range of problems 2 ones met eurface 

thermo-chemistry ; physics, cal yo mechanical proper. 
ties of metals, and melting and casting of metals—The Ministr, 0 
Supply, Division of Atomic Energy Ceo pew, Warrington, 
Lancs, stating location preferred and quoti 

SENIOR SCIENTIFIC gy at = * ros ot Su ly Tropical 
Testing Establishment, Port Harcou (@) PHYSICIST of 
ELECTRICAL ENGINEER to lead a poe cers 
studying the effects of ical condit: is and’ 
equipment (Ref. A.36/52A), (6) CHEMIST or BIOLOGIST to lead a group of | 
chemists and biol ts studying the effects of tropical conditions on i 
vice materials and equipment (Ref. F.96/52A); and EXPERINENTAD 
OFFICERS or ASSISTANT EXPERIMENTAL OFFICERS (for one post a 
mechanical engineer with some knowl of physics is desired, is 
the other candidates should have ney wledge of physics, 4 
ably with some experience in electrical or tensile testing of rials 
including textiles and plastics, or meteorology) (Ref. A. 37/52A)— The, 
Ministry of Labour and National oo Technical and Scientific” 
Register (K), Almack House, 26 King Street, London, sw W.1, quoting 
the appropriate Ref. No. 

TEXTILE CHEMIST (young, good analyst, with 
equivalent)—The Lace R A jati G 
borough, Nottingham. 
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Matiey of Ted ont Rowe; Safety in Mines Research Establish- | 
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Snapshot Photography of Detonati By Dr. A. CG, 
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Other Countries 

Annals of the New York Lom S Sciences. Vol. ‘c Art 3: 
Curare and Anti-Curare Agents. R. Unna, D. Bovet, W. D. M. 
Paton and 28 other Authors, » 097-530. (New York : "New York 
Academy of Sciences, 1951.) 4 ollars. 10 

Colony of Trinidad and Tobago. Sw 
Forest Department for the Year 1950. Pp. 24. ( 
ment Printing Office, 1951.) 
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Underséi 
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1951.) 4 


Polska Akademia Umiejetno$ci: Acta Monographica Muse! Hie 
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wat Pp. 6 plates. (Krakéw: Polska Akademia Umieje' me 
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rouges. Par Dr. C. Sironval. 
de Belgique, 1951.) 200 francs. 

Institut Royal des Sciences —- de Belgi e Sinohaln, Par’ 
114: La biologie d’un ruisseau de p Par a ~ Geeead 
Marlier. Pp. 98. Mémoire No- ie 
aphodiineg (Coleoptera Scarabeidz) de la Delslonn 
Janssens. Pp. 136. Mémoires, Deuxiéme Série, Fasc. 50: Nemato 
saprozoaires et libres du Belge. P. ul 
Schuurmans Stekhoven, Jr. 79. (Bruxelles: Institut sere des 
Scienves naturelles, 1951.) (1 
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